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THE ABSORPTION COEFFICIENT 


HORIZONTAL MECHANICAL SCRUBBERS LOW 


Agarev 


The references the literature the use absorption in- 
dustry which contact renewed mechanically are extremely few. possess 


descriptions the design individual mechanical scrubbers, but have 
quantitative data their operation. 


has been the objective the present research derive the values 
the adsorption coefficient large-scale laboratory model 
mechanical scrubber. The absorption coefficients were measured functions 
the shaft rpm, the gas and the liquid flow rate. Most the experi- 
ments the effect these factors involved the absorption carbon dioxide, 
slightly soluble gas, water, only few experiments having been performed 
the absorption ammonia, freely soluble gas, water. 


The coefficient absorption determined the model have been 
with the coefficients measured for the same systems apparatus different 
design. This comparison has yielded conclusions regarding the absorption effi- 
ciency mechanical scrubbers with horizontal rotation. 


most absorption apparatus (bubblers, sprayers, checkerwork towers), the 
intermixing and development the surface contact between the liquid gas- 
eous phases are effected means specially designed stationary for 
distributing and impelling these phases through the apparatus. 


mechanical scrubbers, the contact renewed mixing the liquid and 
gas together rotating mechanical 


The mechanical scrubbers described the literature may divided into 
two groups: 


with vertical rotating the Field scrubber; the Mac- 
Lauren centrifugal scrubber [1]; etc. 


Scrubbers with horizontal rotating shaft: scrubbers with screen discs 
ndard scrubbers [1]; 


vertical mechanical scrubbers, well some the horizontal ones, 
have rpms 100 and more. The various types atomizing devices 
the shaft (paddles, discs, bundles rods, etc.) spray the liquid the current 
gas. This entails extremely high growth the area the absorption sur- 
face, ensuring the efficient operation the these scrubbers, the 


conditions governing the absorption the gas are closest these prevailing 
tubular absorption towers with liquid sprayers. 


mechanical scrubber whose shaft horizontal [2] operates different 


— 
— 
be 
4 
ae 


principle. The shatt rotates rather slowly. Once per revolution, the screen 
lattice discs pick liquid the bottom the scrubber and carry 
thin film the upper zone, where saturated with the gas absorbed, 
after which the film again plunged into the bulk the and renewea, 
being lifted out the liquid into the gas, etc., 


this case, the absorption process most closely resembles the process 
checkerwork scrubbers, with the liquid film down the check- 
erwork being replaced the transference the film via the rotating discs. 


have said, there are numerical data the literature the 
efficiency these mechanical the basis considerations 
general nature and the available descriptions, may, however, make the following 
the resistance offered the passage the gas should negligible; 
the gas can absorbed extremely small amount absorbent; the 
replenishing the liquid film should yield high efficiency the absorption 
slightly soluble gases. Horizontal scrubbers are particularly useful for ab- 
sorption processes which the liquid contaminated with precipitate when 
precipitate formed during absorption itself the result the reactions 
that take place. 


disadvantage common all mechanical scrubbers the additional energy 
turn the shaft. This consumption energy, which especially high 

scrubbers with high rpm, what has made the latter 

that why have chosen investigate the type scrubter whick 

the horizontal shaft runs low rpm. 


EXPERIMENTAL 


The dimensions and the capacity our experimental model were those 
laboratory installation (Fig. 1). 


The housing the scrubber, 150 and 400 long, con- 
sisted two semicylindrical parts. The lower half, trough, was divided into 
sections partitions ensure systematic overflow the absorbent liquid. 
The upper half, cover, was made plexiglass. This enabled observe 
everything taking place within the apparatus during the runs. ensure airtight- 
mess, hydraulic seal was installed between the upper and lower semicylinders. 


Six outlets were soldered the bottom the inlet and 
outlet for the absorbent, and the others drains and samplers for the individual 
sections. The shaft passed through the axis the cover, with the discs attached 
it. The latter were madeof 0.5 sheet iron. Each disc was perforated with 
holes, diemeter, arranged evenly over its entire surface, the center- 
center distance being (Fig. 2). first tried out discs with smaller. 
holes (4, and mm), but found that the holes were often closed the 

film after they emerged from the liquid, thus interfering with the pass- 
age the gas through the scrubber. Holes diameter were 
plugged the film, that adopted this size for the discs the tested 
The discs were 150 diameter. The clearance between the edges 
the discs and the inner surface the housing did not exceed 1.0-1.5 mm. The 

numbered all. The discs were spaced apart the shaft. 


All the discs were carefully degreased before being set the shaft. 
ensured wetting the surface. The speed the shaft could varied 


The overall layout the apparatus Fig. The air required 
fer the gas mixture was supplied blower. The gas 
(carbon dioxide armonia) was supplied from tank (1), passing through 
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reducing valve and then through buffer (2). The air and gas was 

measured flow meters (5). liquid mancstat (3) was inserted ahead the 
meter keep the gas supply from the tank constant throughout the run. The stat- 
head the gases was measured U-tube manometers (4). Reh‘nd the flow 
meters, the gas supply lines were combired into the line through which the 
air-gas mixture entered the scrubber (6). The wall facing the wall through which 

the gas entered was fitted with outlet for leading the gas out the scrubber. 
Tubes connected the aspirators (7) were connected the gas inlet and outlet. 

The gas collected the aspirators during the run was analyzed for its content 


The water that served the absorbent was supplied from the water pipe 
the pressure bottle (8), which the level was maintained constant. From the 
bottle the water passed through the flow meter (9) fixed rate into the first 
section the scrubber trough. The water passed through the section counter 
flow the gas. The water (the solution) flcved from the last fourth section 
the into the measuring tank (10), where was measured after the com- 
pletion the run. Samples were periodically taken flasks the water-solu- 
tion coming from the 


The liquid the scrubber was kept constant level means over- 
flow pipe. This pipe was kept height during the carbon dicxide 
tests, which was equivalent 3.5 liters liquid within the scrubber. the 
‘ammonia tests, with absorption being effected only one section the scrubber, 
height the overflow pipe was lowered mn, making the volume 
0.7 liter. 


The tests were run under constant conditions. This was echieved keeping 
the flow liquid and gas through the apparatus constant constant temperature 
and constant shaft rpm. all our tests the gas temperature was kept 16-17°. 
the various runs the water temperature was varied from The constancy 
the process conditions was confirmed the the outgoing liquid, 
the composition which varied hardly all during any mm. fact, see 
from Table the concentration the absorbed ccmponent the outgoing water- 
solution increased the 
beginning every run until 
characteristic the run 
mained constant. This ter- 
minal concentration was 
utes the start, depend- 
ing upon the rate flow 
the water and the gas. The 
water rate flow was 0.5 
and 2.0 liters/min during 
these tests. The gas flowed 
through rate that var- 
The resistance the flow 
gas through the scrubber 
veried accordingly, from 
Each run lasted from 
each run. some instances Fig. Disc the mechanical 
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parallel samples were and the pipes from the 
first and fourth 


figures Table that the concentration the water 
the bottom the last lower than that the over- 
flow. The higher concentration the upper way due additional ab- 
scrption the gas the the water, the stirring the liquid 
discs “hus being inadequate, even equalize the concentration 
throughout the liquid entirely. 


The amount the water coming from the water supply the scrubber 
was several times during the course the tests; averaged more 
tnan 0.005 g/liter. Inasmuch this was minute, were able 


Samples the inlet and outlet gas were taken continuously during the run 


means 2-liter aspirators. The these samples was determined anal- 
ysis Orsat apparatus. 


The amount NH3 the discharge was determined pouring the sample 
into measured quantity titrated solution and back-titrating the excess 
acid with caustic soda against combined indfcator: methyl red olue. 
determine the the gas when gas samples were taken, Drexel bottles [12} 
containing titrated solution sulfuric acid were inserted the line ahead 


the aspirators absorb the ammonia the exhaust gas. The excess acid 


the Drexel bottles after the end the run titrated the case 


the aqueous .solution. 


EVALUATION RESULTS 


solubility carbon dioxide water low. i0°, for 


the Henry constant fraction.* When use this 


value calculate the for gas containing 10% 
find that g/liter. result, the drop the concentration 

the gas passes through the apraratus more than 0.2-0.4% 
volume for overall concentration 10%. The situation 
different far the change the the liquid phase 
concerned. Though the water supplied tke scrubber 0.005 
per liter, the concentration the water rose 1-0.2 
per liter, i.e., twenty forty much 


The gas the inlet and outlet ends the was analyzed each 
time obtain mean value for the run, while the liquid phase; was malyzed 
for each run. Besides the use the flow meter, the amount 
water passing through the apparatus was meesured directly after each run, 
thus eliminating any possibility error during the tests. 


view the foregoing, better more accurate calculate the 
amount carbon dioxide atsorbed from the for the liquid phase. 


Inasmuch the principal resistance the dioxide 
water offered the liquid stage, better express the driving 


force the the concentrations the dissolved gas the 
liquid. 


therefore calculated the overall absorption from the 
equation; 
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Concentration Gases Absorbed the Water Flowing out the Scrubber, 
Ahalysis Samples Taken During the Runs, 


Gas gases absorbed the water flow- 
rate, out the grams per liter 


min elapsed start run 


where the quantity substance absorbed the run, kg; the ab- 
sorption the absorption time, hours; the mean 
logarithmetic difference the concentrations the absorbed component, grams 


per liter, (what amounts the same thing) kg/m. amount ab- 
sorbed per mirute was computed from the equation: 


where the water flowing through, liters/min; the concen- 
tration the outlet water, grams/liter; and the concentration the 
inlet water, which always equals 0.005 per liter. When the gas and the 
liquid pass through counterflow, the mean concentration difference given 
the equation: 


(3) 


where and are the equilibrium the inlet and cutlet 
the apparatus. The absorption surface assumed the surface the 
discs, minus the area the holes and the portion the disc surface that 
always immersed the absorption surface was 0.412 for discs. 
(The area the surface the water the scrubber, which totaled 15% the 
effective surface the discs, was ignored our calculations).- 


Thus, the computational equation (1) converted into the following 
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TABLE 
Concentration Gases Absorbed the Water Flowing out the Scrubber, 
Determined Analysis Taken During the Runs, Grans/liter 


Gas concentration 
samples taken 
from bottom 


flowing out scrubber, g/liter concentra- 


Time samples were taken, minutes Gas absorbed 


12.5 scrubber, g/liter 
0.201 0.202 0.190 and 0.195 |Carbon dioxide 
0.200 0.198 0.183 0.218 0.201 
0.188 0.180 0.190 0.181 and 0.182 
0.145 0.143 0.137 0.127 0.138 
0.105 0.095 0.099 0.080 and 0.080 
When absorbed water, the coefficient absorption for partial press- 
constant reduced the dimensions 


Ammonia gas that freely soluble water. Hence, the main resis- 

tance its absorption offered the gaseous film. therefore better 
compute the absorption coefficient this case expressing the impelling 
force partial pressures the absorbed gas. this employing the fol- 
lowing equation: 

where the mean logarithmic difference the partial pressures ammonia 
the inlet and the outlet ends the apparatus. The rest the notation 
the same that employed previously. 


noted that our tests the water supplied the absorber 
contained ammonia, while the concentration the discharge water 
did not exceed 1.25-2.25 per liter. these concentrations and tempera- 
i6-17°, the equilibrium partial pressure approaches zero, that 
may neglected our calculations. Hence, the motive force behind the eb- 
sorption may expressed the mean logarithmic difference between the partial 
pressures the the gas the inlet and outlet ends the apparatus, 


where aud are the partial pressures the inlet and outlet guses, 
pectively. 
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absorbed. 
tars 
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TABLE 


CO: concentration 


the tests, the absorption surface was reduced considerably. 
liminary test indicated that the was completely the scrubber 
discs, even discs, were used, none found the outlet gas. 

thercfore ran these tests using only discs. 
passed the water through one the sections, 
depth was and the absorption surface totaied 0.08 


The amount absorbed may expressed 

see Table the difference between the 
But view the higher accuracy the analysis 
phases, the ammonia absorbed was calculated fron 


the water surface 
discs rotated. 


the gas the 
two quite insignif- 
Por the liquid 
analysis the aqueous 


solution, 
586 


where the quantity water passing through the scrubber, liters/min.; 
and the concentration NHg the discharge water, 
(what the same thing) 


The computational equation for then 


The principal results secured our tests the absorption and 
water mechanical scrubber, plus the coefficients absorption 
therefrom, are listed Tables and 


The coefficients for carbon dioxide given Table express the 
value the range 0.07-0.25 per hr. per kg/m3, which corresponds 
cient expressed for the gas phase. 


For the sake list below the values Ky, for the 
Same units, secured various authors under different absorption conditions. 


Perry's handbook cites the following figures for the absorptior 


The gas passed over the surface the water, which was stirred. 
Absorption pure carbon dioxide from bubbles current flowing 
water. Temperature 25°. 0.914. 
atmosphere pure carbon dioxide. 2.60. 
Absorption from mixture carbon dioxide and air. The water was 
stirred with stirrer, while the gas was not stirred. Temperature 26°. 
Per cent volume ...... 100 
Ky, 0.998 0.088 0.079 


The following figures are for the coefficient absorption 
water paper Prof. Shabalin [5]. When absorbed drops bigger than 
diameter, The value the same for absorption from rising. 
bubble. was found range from 0.3 0.8 for different rates trickling 
during absorption sheet flowing 


These figures indicate that the coefficients absorption obtained 
mechanical scrubber are times small bubbling falling drops. 
They are higher, however, than the coefficients for absorption stirred 
liquid from stationary slowly moving gas. 


The absorption coefficients measured are closest those found for 
the absorption the gas sheet flowing liquid (at low trickling rates). 
This obviously due, have pointed out above, the resemblance between 
the hydraulic conditions prevailing during absorption mechanical and checker- 


work scrubbers. 
The rate flow liquid checkerwork nay calculated from 
the following formula for mean thickness the flowing sheet: 


where the quantity vis the sheet thickness, cm; 


the density and is: wetted perimeter the checkerwork, 
cn. 
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the sheet found [6]; the wetted perimeter these 
rings, which numerically equal the surface the checkerwork, 

87.5 


Inserting these values the abové ard the centimeters 
inte meters, get the rate as; 


The rate flow water through the tutes trickle condensers 0.15 0.3 
m/sec the same order that caiculated for 
work. 


our scrubber, the peripheral velocity was for various disc 


Rpm eae ee 55 52 
Velocity periphery the disc, r/sec ... 0.1 0.27 0.40 
Velocity halfway the outer edge, m/sec 0.07 0.14 0.20 


our tests the rate which the liquid was stirred the discs 
the same order magnitude the trickling rate liquid 
ber checkerwork; therefore introduces essential changes into the 
the flowing sheet. This also explains the similarity between the absorption co- 
efficicuts derived for the two cases. 


likewise see from Tables and that the disc that mainly 
responsible for the magnitude When the rpm doubled, for example, 
scrubber with higher trickling rate, with analogous increase the 
rate flow the liquid 


Increasing the supply liquid the scrubber increased the value 
somewhat. When the rate water flow was increased 0.5 1.0 
100%, for example, rose from 0.14 0.17 rpm and from 0.195 0.245 
rpm, 20% and 26%, respectively. 


Varying the gas velocity has appreciable effect upon the value 
clearly see Fig. that increasing the gas flow rate from 25.6 liters 
per min while leaving the rpm and the water supply rate unchanged, has effect 
upon the magnitude the Ky. should noted that the corresponding linear 
velocity the gas past cross section the scrubber interior was 
low: 0.008 0.038 obvious that the friction caused these 
gas velocities could not produce turbulence the liquid film, which the 
predominating factor absorption. 


have said, few tests were run the absorptica water. 
The were used for these tests: rpm, 1.0 liter water 
per minute, and gas flow rate from liters/min. indi- 
cates, the corresponding atsorption coefficients ranged from 0.015 0.23 
per per Hg. Increasing the gas flow rate from liters/min, 
100%, increased the value from 0.015 0.023, 35%, the average. 
Here begin notice the gas flow rate having effect, which was not the 
case the But this effect less than trickle checker- 
work, where the increase Proportional the rise the gas flow rate, 
the proportionality constant being 0.8, which our case would have been equiva- 


Perry's handbook [4] gives several values for the absorption am- 
monia water under different The values, given the 
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1.09 
0.637 
11.5 0.945 
1.05 


. 


dimensions per hour per atm, have been converted into the dimensions 

that have used: per hour per Hg. For trickling towers the value 

10° varied from 0.0383 0.00224 when the gas flow rate was varied from 

0.48 0.015 m/sec, the figures 40° being 0.0338 and 
respectively. 


column with trickling 
ture 10° when the gas flow rate was 
varied from 0.259 0.049 
colum cross section (0.32-0.05 


Fig. Variation the coefficient 
absorption gas with the gas flcw 
and disc rpm 35. 
coefficient for with the disc rpm rate, 


different water flow rates. 
Water flow 1-0.5 2-1.0 liter/min. 


The paper Prof. Shabalin referred above gives the following values 
for the absorption coefficient water: was 0.3 0.35 .per 
hour per for absorption drops whose diameter exceeded mm. The values 
were the same order magnitude for rising bubbles. For trickling films, 


lay between 0.01 and 0.04 per hour per Hg, i.e., times smaller 
than for drops bubbles. 


Comparison the values secured our tests and the researches 
other investigators indicates that the coefficient absorption freely 
uble gas mechanical scrubber the same order magnitude scrubbers 


Test 
No. 
. 
sec). 
ert 
> 


our tests, the velocities used cited authors, likely 
that scrubbers will higher, all other conditions 
being for film trickling down checkerwork. 


SUMMARY 


The the coefficient absorption mechanical scrubbers 
low rpa are those for checkerwork scrubbers and below the coeffi- 
cients secured for towers sprayed liquid; this true 
both soluble dioxide) and for freely gas 


solutions, lowered resistance the passage the gas, etc.) and their 
(energy for the rotating shaft, rapid wear 
mediun, those checkerwork must acmit that taey offer 


The which the use meckacical scrubbers the 
ing. use other types when this the case 
danger scrubbers 
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THE EFFECT NONCONDUCTING INCLUSIONS 
UPON THE -CONDUCTANCE ELECTROLYTE 


Aluminum and Magnesium Institute 


electrolysis the often contains nonconducting in- 
clusions: solid impurities suspension or, most often, gas bubbles. These in- 
clusions reduce the conductance the electrolyte, course. Even conducting 
inclusions, such as, say particles carbon molten electrolyte, increase 
the resistance, since polarization phenomena make impossible for the current 
pass through such inclusions. 


The drop conductivity governed the form and disposition the in- 
clusion, well their quantity. When the inclusions are cylindrical 
form, with their axes coinciding with the direction tke current, the reduction 
the conducting cross section equals the relative packing the volume, and 


the relative conductance such system will be: 


where the specific conductance the pure electrolyte; the specific 
conductance the electrolyte containing inclusions; and the relative 
packing factor, equal the the inclusions per unit total volume. 


far back 1892, Rayleigh [1] made analytical computation the 
conductance heterogeneous systems containing inclusions the form 
ders, the axes which were perpendicular the direction the field, 
containing spherical inclusions. 


Later, Runge repeated this computation and wrote the Rayleigh 
(with few corrections) follows for cylindrical inclusions: 


and for spherical inclusions: 


where the specific conductance the inclusions (the specific conductance 
the medium 1), while and denote the same quantities (1). 


For nonconducting inclusions 0), Equations (2) and (3) become: 
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while lower relative packing factors ignoring higher powers 
get 


Maxwell gives another type equation for heterogeneous systems with spheri- 
cal inclusions, however. 


checked the equation for packings consisting cylinders right angles 


the direction current flow graphically mapping the field, well 


assume that the cylinders are 
arranged hexagonally, shown Fig. 
denote the distance between 
the cylinder radius, and the ar- 
rangement The elements 
the field are the triangles II, 
and III, (Fig. 1), which differ only 
their orientations. sides 

these elements are 0.5nr 
packing factor the volume is: 


Fig. Field with cylindrical 
the conductance the system the direction the field b-element 


sides: r-radius the inclusion; d-distance 
between cylinder axes. 


then 0.909 from (4). 

simplest map the field 
graphically assuming the current 
flow along the side the elementary cell. example mapping the 
field the method curvilinear squares given Fig. for 2.2r and 
the current flowing’along the side The number tubes force, may 


chosen random, depending upon practical convenience plotting (in Fig. 


Let the conductance element the field where there 
inclusions, and the field homogeneous, and the conductance the 


Same element inclusions are present and then let compute the rel- 
ative conductance 


When inclusions are present, 


(5) 


(since from Fig, 1), where the specific conductance the 
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When inclusions are present 


where the current through single tube; the potential drop between 
two equipotential lines; and the number equipotential lines throughout 
the length the elementary cell determined simple computation from 

where As. the width the tube force; and the distance between equi- 
potential lines. But from the conditions governicg the the 
field (curvilinear squares). Hence, substituting (7) (6), get: 


current flow along side rént 


flow along side 
and, finally, 


mapped the field for 2.5r, 5r. For the field was mapped with 
the current flowing the direction side (Fig. well the direction 


symmetry the field, have reproduced only part the elementary cell 


When the current flows the direction side the conductance is: 
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when inclusions are present, end 


also made experimental the drop conductance when the 
electrolyte was filled with nonconducting cylinders. did this setting 
plane elements long and 11-12 wide. Copper electrodes were used for the 
end walls the element (so that the interelectrode spacing was while 
the side walls were nonconducting. barrier consisting rows 
glass cylinders 1.4 diameter was the hexagonal (Fig. 
the middle the element; the orientation the barrier conformed current 
flow the direction side the elementary cell (Fig. 1). 


The distance between the cylinder axes, was taken 2.5r, and 
The total width the barrier varied accordingly from 5.4 8.6 cz. 
alcohol was poured over the bottom the cell depth Then the 
drop potential throughout the field, within the barrier well outside it, 
was measured the usual potentiometric method, using electrolytic switch ané 
current milliamperes through the cell. The measurements indicate* that 
the homogeneous field appreciably distcrted only the immediate 
the barrier, about one cylinder radius from the front edge 
the first row cylinders. 


Once know the potential 

gradient outside the barier, 
and the potential drop inside 
the barrier per unit width the 

latter, 
ative conductance when nonconducting 
inclusions are present: 


found graphically and experimentally. Fig. Field elementary 


can find the rel- 


The two sets values agree perfectly. cell direction cur- 
Moreover, worthy note that rent flow along side 


given packing factor 0.403), the 
relative conductance remains the same 
though the orientation the field differs much 


made only experimental investigation the effect spherical 
Sions, view the difficulties involved graphically three-dimen- 
field. The principal variant employed was the cubic octahedral 
the spheres (Fig. 5), which the vertical distance between the centers two 


the elementary layer taken the layer between passing through 
centers the spheres one layer and plane that 0.5H above it. Barriers 


= 
this sort were produced flat cell like the one described above affixing 
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Comparison the Values Relative Conductance, Found Graphically and 
Experimentally When Cylindrical Inclusions are Present 


axes, 

2.5 0.582 Along side 26.3 0.263 


Fig. Cubic octahedral arrangement Fig. Cubic octahedral arrangement 
spheres. spheres with different orienta- 


four rows hard-rubber hemispheres 0.7 cm), the ‘the cell, 
for and 2.5r, and filling the cell with electrolyte depth 


Barriers with higher packing factor were made glass balls ‘contact 
with one another (using hard-rubber hemispheres and quarter-spheres, wherever 
necessary), arranging them four different ways: 


The cubic cctahedral arrangement Fig. with 


The cubic octahedral arrangement Fig. with packing 


factor which the same that though the orientation different: 
(rotated through 120°). 


The hexagonal arrangement Fig. 
The octahedral arrangement Fig 8.. 


the variants (a) and (b) the barrier was set-up with three layers 
balls, while variants (c) and (d) only one layer was used, with the electrolyte 
poured depth The potential gradient was measured inside 
outside the barrier and the relative conductance was then computed from 
(10). The results these measurements are listed Table The first 
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Relative Conductance Function the Packing Factor and Orientation 
Spherical Inclusions 


Distance |Packing Experimen- 


ters, 
Cubic octahedral (Fig. ..... 0.226 
The same (Fig. 0.7405 0.226 
Hexagonal (Fig. 0.6046 0.297 


Fig.- Hexagonal arrangement Fig. Octehedral arrangement 
spheres. spheres. 


~ 


lines the table show that the conductance independent the orienta- 


tion the spheres, the packing factor the same. 


Fig. Curve represents the for cylindrical inclu- 
sions (2a), while Curve for spherical inclusions Our values, both 
fcr the cylindrical inclusions (the stars represent the experimental well 
the graphical values) and for the spherical ones (citcles) are fairly close 

the first Rayleigh curve (2a) packing factor the order 0.4. 

For any arrangement the spheres (cubic octahedral, hexagonal, octahedral) 

and for all packing factors the densest packing 0.7405), the experi- 
mental values satisfy the empirical equation: 


For cylindrical inclusions the valuer satisfy both the first 
Rayleigh equation (2a) and our equation (11) with accuracy that adequate 


factors, cylindrical yield the singular Curve 


Pfleiderer [4] gives experimental curve for the increase the 
Curve low packing factors satisfies the second Rayleigh equation (3a) 
fairly well, higher packing factors approaches our Equation (11). This 
believe that our proposed Equation (11) universal one, with 
accuracy that sufficient for engineering purposes, for packing factors 
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‘Fig. Conductance function the packing factor 


nonconducting 


I-Rayleigh equation (2a) for cylindrical equation (3a) 
for spherical author's eapirical Iv-the 
author's experinental data for cylindrical y-the curve 
given Pfleiderer. A-the author's data for inclusiors (obtained 
experimentally and mapping the field grephically), B-the data for 
spherical inclusions experimentally); data. 


0.4, and that holds good for various forms and random the 
inclusions, and that for spherical inclusions uniform diameter good 


According Baimakov [5], the presence and 10% (by weight) dis- 
persed carbon molten cryolite alumina increases the specific resistivity 
the melt 27% and 40%, respectively. Assuming the apparent gravity 
the carbon 1.5 and the specific gravity the melt 2.05, and convert- 
ing from resistance conductance, get the two points denoted the diamonds 
Fig. These points agree neither with our data nor with Pfleiderer's curve, 
and even less with Rayleigh's equation for inclusions. 

The effect cylindrical and spherical inclusions upon 

the conductance electrolyte has been investigated experimertally. The in- 


vestigation was likewise made graphically, mapping the field, for cylindrical 
inclusions. 


empirical formula put forward for the relative con- 
ductance, which holds good for any packing factor for spherical inclusions, and 
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packing factors that exceed 0.4 the total volume for cylindrical 


inclusions. 
experimental results are compared with the Rayleigh equations derived 
theoretically and with some the experimental data the literature. 
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the overwhelming majority cases metallic coatings are applied elec- 
troplating order protect the coated part against corrosion. Accordingly, 
cathodic deposits metals should dense and homogeneous, uniform thickness, 
free from pores possible, and should-possess the best mechanical 
characteristic the metal protected. Metallic coatings possessing the 
enumerated qualities cannot produced every cathodic process. fact, 
dense homogeneous deposit, possessing protective qualities can 
only cathodic process that yields finely crystalline structure the de- 
posited metal. Uniformity thickness the electrolytic plating achieved 
when good enough dispersibility and other factors are assured. 


These qualities the coatings may easily assured the case metals 
whose cathodic deposition involves considerable chemical polarization. 
nickel, and cobalt are metals this sort [1]. Copper, zinc, and cadmium, which 
exhibit lower chemical polarization [2], are deposited with coarser 
crystalline structure, though their galvanic platings are still fairly satisfac- 
tory. Lastly, metals whose electrocrystallization occurs over-. 
wolteges yield coarse grainy platings, which some cases consist simply 
accumulation individual crystals that are not bound This last group 
comprises Sn, Pb, Ag, among other metals. 


know, electrolyte has yet been found for the refining that 
yields dense, finely crystalline cathodic deposit, despite numerous endeavors 
this field; with the nitric-acid electrolyte commonly employed, the silver 
deposited the cathode individual dendritic crystals, are removed 
from the cathode periodically. Nor has been possible very recently 
produce any satisfactory coatings tin lead the cathodic deposition 
these metals from solutions simple salts. result, for long time the 
only available method producing electrolytic deposits these metals that 
met the standards electroplating involved the use their complex salts 
electrolyte solutions. The finely crystalline structure, the density, and the 
uniform thickness the cathodic deposits secured these electrolytes were 
due the very considerabie cathodic polarization that prevailed. The use 
solutions complex salts electrolytes for electroplating involves several 
basic disadvantages, however: the high concentration polerization these 
electrolytes (low limiting C.D. and drop the current efficiency the C.D. 

increases) allows the use only very low current densities, thus making 
impossible run the process high efficiency; baths this sort are much 
less stable operation than baths consisting solutions simple salts; 
when complex electrolytes are used, the process much more capricious 


when solutions simple salts are and often further complicated 
the tendency the anodes become passivated. 


° 
5 
- 
: 
4 
A 
ta 
3 
be 
P 


These disadvantages complex electrolytes have stimulated numerous searches 
for electrolysis conditions that would make possible deposit tin, lead; and 
other metals dense and finely crystalline platings from their simple salt solu- 
tions. satisfactory solution this problem was achieved introducing vari- 
ous technical products organic origin additives tin electrolytes. With- 
out dwelling upon the papers Lainer, Foerster, Mathers, Kern [4], Marshak 
Kheifets [6], Kadaner [7], and other researchers, which are considerable inter- 
est this connection, shall merely point out that only cresolsulfonic (3-60 
per liter) acid sulfate electrolytes and the phenolic (ca. 10- 
per liter) acid sulfate electrolytes recommended Lainer have 
found industrial application. 


one cur own papers [9], succeeded proving that the addition 
minute quantities and thymol, xylenes, diphenylamine, and some 

sizing per liter high chemical polarization, due the formation 
dense films the electrodes. some instances the polarization not 
only exceeds values measured Kheifets [6] and [10] for the deposition 
from the best industrial cresolsulfonic baths, but even surpasses all the 
overvoltages for the cathodic deposition metals known the present time. 

(Fig. production such polarization has always yielded cathodic deposits 

tin that are noteworthy for their high density, the grain dimensions being the 

same order magnitude the cathodic deposition the metals the 
group (Fig. 2).° This led expect that simple sulfate baths containing the 


foregoing organic additives would yield 
tinplating high industrial quality. 
The fact that the ameliorative action 
one these additives 
when added the bath together with 
cresolsulfonic acid has been noted 
the literature [11] lends further sup 
port this assumption. 


the present paper report the 
results our investigation the dis- 
persibility electrolytes, the poros- 
ity the platings, and the consumption 
organic additives the tinplating 
parts sulfate tin baths the 


Fig. Variation polarization with 
current density the cathodic depos- The additives used were B-naphth- 
ition tin. Electrolyte composition: thymol, and diphenylamine. The 
(0.25 N); room temp- researches were carried out room 


erature. temperature 
A-Cxthode C.D. millivolts. Bath 
additives: 1-Pure solution; 2-saturated with EXPER IMENTAL 


3-saturated with thymol; 4-saturated 
with with The dispersibil- 
uniformity deposition the metal 
various portions the part 


plated, largely governed three 
factors: the electrode polarization, the electrolyte conductance, and the varia- 


tion the current efficiency with the current density The higher the 
polarization, or, more accurately speaking, the higher rises with 


the C.D., the greater will the dispersibility the electrolyte be. for 
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until the saturaticn point was reached; 10-15 crude phenol per liter; 


the operation the bath tne lest factors, know that 
the C.D. rises. 


readily seen that electrolytes under must possess 
fairly high indexes this respect. Fig. the cathodic deposition 
tin always accorpanied high the cathode, which 
rises sharply the C.D. High conductance the electrolyte and 
the nature the variation the current efficiency the C.D. rises must like- 
wise exercise favorable effect the dispersibility the baths 


all the methods the dispersibility electrolytes des- 
cribed the literature, the and easiest use the method suggested 
Kudryavtsev [12]. view the fact that all the data the literature 
the dispersibility tin baths are based upon the and Blum method 
however, made our measurements the latter method. 


The following chemicals were tested ameliorative additives: and 
naphthol, thymol, and all them being added the 


and cresolsulfcaic acid rer liter. The variation dispersibility with 
C.D. was investigated for each these electrolytes, the C.D. being varied 
out wide range: from 0.5 The results our 
together with the are given Table and 


ispersibility 


electrolyte 


dispers- 
ibility 


ibility 


0.2 3.0 14.0 

8.0 10.5 7.5 18.0 61.0 


see from the figures Table the dispersibility varies appreciably 
over the entire C.D. range, its value remaining rather high all the 
runs, almost reaching the maximum value (80%) for some values the C.D. 


The change dispersibility with C.D. nearly identical for all the addi- 
tives listed. The curves differ only quantitatively for the various 
tives. The high, scne for all the baths C.D. 
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0.5 rises even higher for most the taths when the C.D. 
off somewhat every bath, this decrease continuing rather steep stages 
Finally, this decrease begins slow down about the curves 

continuing nearly parallel the axis of. abscissas for most the additives. 


The dispersibility 40-50% 
the current densities industry; 
this entirely satisfactory value 
for electroplating. The dispersibility 
even higher the case the elec- 
trolyte containing diphenylamine. 
worthy note that Pine states 
that the dispersibility tin baths 
containing creosol ranges from 


readily seen, the maximum 
dispersibility occurs current densi- 
ties which sharp potential jumps 
take place, which call the limiting 
current density. When the C.D. rises 
values corresponding the beginning 
the next section the curve, the 


Fig. Dispersibility function 
the C.D. for electrolytes contain- 
ing various 


drops rather steeply, A-Disersibility (ty the Fering and 
the decrease slowing down and the dis- B-C.D., path additives: 


thol; 5-thymol; phenol (10 g/1). 


see it, the specific nature the 

variation the dispersibility with 

the C.D. may interpreted 

follows. The operation the bath 

directly dependent upon the nature the change polarization throughout 
given C.D. range rather than upon the absolute value the polarization; the more 
abrupt this change, the better the dispersibility. This borne out the cir- 
cumstance that the dispersibility maximum the limiting C.D. for all the 
electrolytes tested. 


When compare the curves showing the change dispersibility with changes 
C.D. for solutions which B-naphthol and diphenylamine have been added with 
the potential C.D. curves for these same solutions, notice this characteris- 
tic feeture: the electrolyte containing B-naphthol, where the potential jump 
about 400 when the limiting C.D. reached, the maximum dispersibility 
higher than the value (65%) the solution containing 
where the potential drop for the transition from the first the third section 
the curve 100 smaller. That also why the dispersibility curve for 
crude phenol has less pronounced than the curves for the other, more 
active additives. The decrease dispersibility during the transition 
current densities obtaining along the third section the curve related toa 
decrease the change potential the C.D. rises throughout this range. 


Beginning C.D. the dispersibility practically un- 
affected the C.D. for most the additives. Diphenylamine does exhibit cer- 
tain rise dispersibility this range, however. -At C.D. ma/cm*, for 
instance, the dispersibility about 35% for the solution containing thymol, 
while 60% for the diphenylamine electrolyte. This due the fact that 
this C.D. range the current efficiency drops more steeply with rise the 
C.D. for the electrolyte which diphenylamine has been added than for the elec- 
trolyte containing thymol other active additives. fact, the current 
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and diphenylamine, respectively. 


Thus, electrolytes containing the recommended active additives exhibit fully 
satisfectory dispersibility throughout the C.D. rangefrom 2.5 which 
different from the figures given for other industrial tinplating baths. 


Porosity. study the porosity tin platings copper underlayer 
shown that when the underlayer was thick and the layer tin was 
thick, the tin platings were practically nonporous every instance, though the 
C.D. was varied throughout wide range. Table the results neasure- 

containing the following amelior- TABLE 
ative additives: and 
ol, thymol, and diphenylamine; the 
seme table gives the porosity 
the copper underlayer well. 


Porosity Tin Plating Deposited upon 
Copper Underlayer. Copperplating C.D. 

see from these figures Porosity Copper Underlayer ca. 0.3 
that the tin platings are practic- pore/cm 
ally nonporous throughout the C.D. 
higher for some electrolytes). 

readily observed that the neg- 
ligible porosity the platings 
due, apparently, the practic- 
ally complete absence pores 
the copper underlayer (less than 
0.5 pore per 


Table gives the variation 
the porosity platings plated 
iron with the C.D. The 
the tin plating was the 
Seme plating over under- 
layer. 


Variation the Porosity Tin Plated Directly Iron with the Current 
Density. Thickness the Tin Plating: 


Porosit number per cm2 


amine 

Many Many 


0.5 0.5 1-1.5 0.5 
0.5 0.2 0.7-1 0.7-1 0.4 0.5-0.7 
0.5-0.7 0.5-0.7 1-1.5 2-2.5 0.8-1 0.8-1 
might have been expected, the porosity much greater all values 


the C.D. than when copper underlayer employed. The nature its variation 
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with the C.D. may from the curves plotted from these data Fig. 


The variation porosity with C.D. 

follows the same pattern for all the 

high (up and more pores per 
low current densities, dropping 
and reaching minimum 5-10 
the C.D. raised still further, the 
porosity increases again, but more grad- 
ually than its fall the low C.D. region. 


sities, within the limiting C.D. range, 
must attributed low polarization. 
The sharp drop porosity coincides with 
the transition the region high polar- 
ization. But the C.D. raised 
above (the right-hand branch 


the curve), the porosity must, course, 
Fig. Porosity cathodic increase, because the potential desorp- 
plating the cur- tion the capillary-active 
rent and because the layer 
taining various additives. the cathode grows poorer ions 
1-Diphenylamine; 2-crude pheno gen being evolved. When compare these 


all, the magnitude and location 
their minima and, second, the steepness 
their rise the right-hand region 
the figure, i.e., the rate which the 


porosity rises the region high C.D.. 
The porosity minima are lowest for the electrolytes containing and 


The minimum appreciably higher for solutions which phenol has been added. 
Moreover, feature this latter electrolyte much risé porosity 
high C.D. than exhibited the baths recommend. 


may therefore asserted that though the nature the variation 
porosity with C.D. the same type, electrolytes containing our additives 
display better characteristics than the industrial baths employed the present 
time. phenomenon was observed when crude phenol was added the 
bath together with one the pure capillary-active substances, say, a-naphthol 
diphenylamine. The coating was improved and the porosity diminished through 
the C.D. range: the platings exhibited 4-5 pores per instead 
the pores previously counted, becoming highly only C.D. 


Hence, the growth porosity high current much less 
‘these baths than when single additive employed, and more reduced 
comparison industrial electrolyte. 


The results our study the variation porosity with the plating 
thickness are given Table 


see from the table, the porosity was 2-3 pores per the minimum 
plating thickness 2u, dropping sharply when the thickness was increased 
after which the decrease was more gradual. The tin platings thick, 


The high porosity low current 
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Variation Porosity with Variation Porosity with Temperature. 


1.5-2 

0.5-0 

0.5 1.5-2.0 

8 6.3 1.0-1.3 
0.5-0.7 
0.7-1 2.0 

1.5-2 


When compare our re- 
Hothersoll and Bradshaw, who 
found that highly porous platings were produced ‘thickness see 
that the figures for the same coating thickness are better for our 
Moreover, should stated that our results are fully satisfactory, far 
porosity concerned, when the plating thickness the order 


for the effect operating temperature upon porosity, increase 
temperature was harmful, was expected, and industrial 
baths (Table 5). When the temperature was raised 40°C, the porosity was in- 
creased throughout the C.D. range, while the graininess the coating increased. 


pointed out above the effect temperature upon the shape the poten- 
tial C.D. curves. increases the limiting current. When the temperature 
raised 50-60°C, the increase the limiting current great approach 
the value observed solution tin sulfate without any capillary-active addi- 
tive. These phenomena, together with the resultant general impairment the de- 
posit, are apparently due decrease adsorption the ‘temperature raised. 
the platings produced have more then pores per. even 
40°C, i.e., they are slightly porous platings. 


Consumption capillary-active additives. During our study polarization 
and the properties tinplating baths noticed that the capillary-active 
additives were the period operation the bath was prolonged. This 
manifested both impairment the quality the plating (greater coarse- 
ness crystalline structure) and increase the platings's porosity. When 
the bath was run for long time, also observed increase the limiting cur- 
rent and decrease the polarization. Re-adding capillary-active substances 
such electrolyte until the saturation point was reached restored the initial 
properties the solution, reduced the limiting C.D. the former value’ 
and improved the appearance and the quality the plating. This disappearance 
the ameliorative additives from the solution must apparently attributed either 
the partial inclusion the adsorbed molecules the crystal lattice the 
coating their reduction the cathode. 


Since baths this sort must periodically, were interested 
determining the approximate duration operation before periodic correction. 
did this conducting electrolysis for long time. The freshly prepared elec- 
trolyte, saturated with capillary-active additive (or containing the prescribed 
quantity additive the case industrial electrolyte) and filtered, was 
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Por- 

osityof coat4 per 

3.0 
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@iphenylamine much lower than- 


electrolyzed the C.D. most employed industry until the quality and 
porosity the platings became unsatisfactory. The porosity the cathode coat- 
ings was measured regular intervals, and their external appearance was recorded. 
The pertinent data are listed Table Electrolysis was C.D. 
the minimum porosity for most the electrolytes, 

able discrepancy (as high between the determinations porosity with Walk- 
ers reagent parallel tests, the tabular results represent the mean values 
several determinations. 


see from Teble that the worst results were secured with the industrial 
electrolyte containing phenol; nor the time elapsed until the plating notice- 
ably impaired very long for the bath contairing dipherylamine, but should 
borne mind that the concentration diphenylamine the bath times 
lower than that the phenol. Satisfactory platings are secured for consider- 
ably longer time with the electrolyte containing a-naphthol. The baths containing 
mixed additives are also worthy note. see from the table, the operating 
life the combined phenol additive 50% higher than that 
either these additives itself. 


The addition a-naphthol and phenol together yields results that are some- 
what better than those for electrolyte containing a-naphthol itself. These 
data may used calculate the consumption 

additive. Such calculation subjoined for the consumption 


until the platings produced ere unsatisfactory hours; electrode surface 
curent 0.2 amp; solubility a-naphthol water 0.7 g/liter. 


Quantity a-naphthol our electrolyte: 0.7°0.06 0.042 Quantity 
0.834, the ‘quantity deposited during this time is: 


Hence, one a-naphthol suffices for the of: 


1.18 a-naphthol. Hence, with the tin plating thick, 
suffices for the plating 1940 surface. 


The results similar calcu- 


tabulated Table Consumption Additives for the Deposition 


Tin and for the Production 
(Without Allowing for Electrolyte Entrained 
crude phenol. The proper- with Finished Parts) 

ties baths containing thymol, 


and other active addi- Additive 
tives are similar. 


see from Table the 
Consumption a-naphthol and 


Therefore, bearing mind Phenol 
all the data cited polarization, Diphenylemine. 
structure the coating, the dis- a-Naphthol ... 
persibility the bath, and the 
porosity the platings, may the following electrolyte compositions 
and operating condiations: 


Sine 
| 
° 
. 
° 
Per 1000 Per 100 
ane . 


gelatin sizing per liter and with one more the following 
additives: a-naphthol, diphenylamine, thymol, xylenol; C.D. 
0.5-2 and room temperature. 


The surface-active substances enumerated above may likewise employed 
ameliorative additives for the widely used baths employing crude phenol. 


The correction the electrolyte may effected periodically 
introducing additives the solid phase phenol and alcoholic solutions 

continuously setting racks a-naphthol, thymol, diphenyl- 
amine, their combinations the electrolytic bath. 


must add that tests these recommended electrolytes 
one the industry's factory laboratories, independently the authors the 
present paper, have confirmed their superiority phenol 


SUMMARY 


study has been made the dispersibility tin sulfate electrolytes 
which colloid and one the following surface-active substances: a-naphthol, 
B-naphthol, thymol, and diphenylamine, has been added. The porosity the cor- 
responding cathodic deposits has been determined under these conditions. 


accordance with the previously established presence high 
rization during the electrolytic crystallization tin from solutions contain- 

ing the above-mentioned additives, have established the high dispersibility 
such electrolytes and the finely crystalline structure and the low porosity 

the cathodic tin deposits. 


The consumption additives during the electrolytic crystallization 

tin has been calculated. has been found that the quality the plating 
higher than that secured phenolic baths, while the consumption additive 
times smaller than the consumption phenol under similar conditions. 


the basis these investigations new tinplating electrolytes are 
recommended, using additives a-naphthol, diphenylamine, and thymol. 
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PROTECTING NETAL PARTS AGAINST CORROSION 
THE METHOD COLD 


All-Union Research Institute Printing and the Printing Trades 


recently metal parts have been protected against corrosion treat- 
ing them phosphatizing solutions temperatures that are very close the 
boiling these solutions temperature must maintained 


with care practice, since has been found that lowering the 


temperature the phosphatizing solution little few degrees slows 
down the process forming the coating and lowers its quality considerably [1,2, 


All the disadvantages involved the hot method treating metal parts 
are known: the consumption considerable energy; certain difficulties main- 
taining the exact concentration the preparation the solution (owing cons- 


the possible inclusion sludge the phosphate coating when 
_the simmers, resulting marked reduction the latter's protective 


properties [1]; the difficulty (aniin some instances the impossibility) treat- 
ing large-size parts; the difficulty standardizing the process, etc. 


wiew the wide application phosphatizing our economy, research 
the development new, more perfect methods phosphatizing which would make 
possible treat parts ordinary room temperature, with the shortest pos- 
sible cycle, considerable practical importence. This search 
has yieldea positive results during recent years. 

Some years ago was demonstrated that cast-iron and steel parts could 
phosphatized cold process [5]. The extremely sparse literature this sub- 
ject contains merely quite general data, rather like advertising claims, the 
process, from which impossible reproduce the composi- 
tion tke solution the phosphatizing conditions required for the production 
satisfectory coatings: the resistance the resulting coatings 
sharply lowered, while the coating itself possesses slight thickness and 


strength snd poor covering power [6]. These disadvantages have been largely elin~ 


inated the cold phosphatizing process suggested the present author, [7]. 
But even this process far from perfect, further research this field being 
appreciable reduction the temperature the phosphatizing 
solution can attained increasing the concentration free acid, was 
initially suggested inasmuch the hydrogen-ion concentration must not ex- 
ceed certain limit, which the phosphatizing reaction shifted the 
right: 


Gross, and Crowell investigated the composition the solution 
and and found that concentrations that are interest phosphat- 
izing (up 200 per liter) the precipitate always consisted 
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zinc phosphate. The constants measured the authors for the reaction: 


were found differ widely for the extremes temperature, being 0.71 98° 

and 0.013 25°. Computation indicated that 98° one mole zinc dihydrophos- 
phate equilibrium with 0.918 mole free phosphoric acid, but with only 
3.38 mole 25°. Therefore, the amount free acid required for the 
formation phosphate coating 25° need only 27% the amount free 
acid present 98°. Subsequently, similar relationships were found for the other 
phosphates the heavy metals. Though the researches Eberty, Gross, and 
ell clearly indicate that the phosphatizing solution must approach that 
the neutral region the temperature lowered, still had determine the 
allowable hydrogen-ion concentration which phosphatizing could effected 
practice and ascertain the necessary change the solution function 
temperature, the concentration the preparation, the nature the phosphate 
cation, the nature the accelerator, and the the latter. 
Schuster and Krauze have proved, all these factors are related 


was found that solution zinc dihydrophosphate best for 
should 2.7-3, provided all the other factors are correct. The solution 


When the temperature diminished from 98° 20°, the shift the 
the bath toward the neutral region increases follows, depending 
upon the nature the phosphate cation: 
ApH 1.0 e 1.2 1.4 1.9 


When oxidizing agents are used, this shift somewhat less, and the 
the phosphatizing solution 2.8. 


Optimum results were achieved the *cold process when zinc 
dihydrophosphate solutions with concentration points, containing 
per liter and with ions per liter, were employed. 


EXPERIMENTAL 


the light the data cited, the following 
solution: concentration per liter; Zn** concentration per 
liter; per liter; total acidity points; room temperature. 


this solution was 2.2. 


treated plates U-10 instrument steel size. The plates 
were first processed polishing the surface with No. emery cloth, followed 


degreasing with solution calcined soda, degreasing and pickling 
follows: 


The samples were washed running water; they were degreased ina 

solution the following composition: caustic potash per liter; cal- 
cined soda per liter; phosphate per liter, and liter water; 

the temperature was 70-80°C and the processing lasted minutes; the samples 

were washed with hot water; they were pickled the following solution: 200 

sulfuric acid and sodium chloride liter water; the temperature 

was and the treatment lasted 2-3 minutes; they were washed with abundant 

quantities cold water; the sludge was removed wiping the surface with 
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absorbent cotton; they were treated with the following alkaline solution: 
les were washed with cold water; phosphatization. 


The processing the samples the phosphatizing solution was done 
glass beaker. more than samples were phosphatized this volume 
solution avoid "aging" the bath. 


The anticorrosion properties the coatings were determined the acceler- 
ated drop-test method suggested Akimov and Ulyanov The color the coat- 
ings was determined the Pulfrich polarizing photometer. 


The zinc dihydrophosphate used our initial experiments the pnosphat- 
izing steel samples room temperature was prepared the laboratory. 
excess chemically pure zinc oxide was added, with constant stirring, concen- 
trated (85%) phosphoric acid. The solution was filtered hours later; the fil- 
trate was then evaporated dryness. Owing the great hygrosco- 
the resultant product, was stored jars with ground-glass 


found that the phosphatizing the samples. this "cold bonderizing" 
yielded coatings that had unsatisfactory properties (10-15 
seconds the drop test) and unsatisfactory mechanical strength, besides possess- 
ing inadequate covering power, while the phosphatizing process lasted more than 
hour. The evolution hydrogen ceased after 5-8 minutes, but 
the coating continued for another 50-60 minutes, was readily the 
darkening the samples. Longer phosphatization produced essential changes 
the quality the coatings. 


first thought that the negative results these initial tests were 
due the fact that the specifications for the solution were not followed 
closely enough. None our endeavors correct the acidity the bath use 
zinc oxide, calcium oxide, stronger alkalies [5], making the solution 
2.6 2.8, yielded the desired results, 


was quite obvious that the "cold bonderizing" solution did rot possess 
the activity that characteristic the usual hot phosphatizing solutions. 
Hence, the first thing looked for working out process phosphatizing 
room temperature was way effectively increasing the activity the cold 
solution. 


Numerous experiments proved that fluorine derivatives were activators 
the phosphatizing process, especially sodium fluoride. The amount sodium 
fluoride added the phosphatizing solution governed chiefly the initial 
acidity the bath and the requisite optimum concentration ions. 


NaF had been added the foregoing solution per liter, for 
example, the nature the process and the phosphatizing results changed markedly. 
Fully satisfactory, well-bonded, finely crystalline, bright covering coatings 
with anticorrosion resistance 1.5-2 minutes the drop test, were produced 
U-10 steel solution 2.8-3.0; the required 40-50 minutes. 


our subsequent tests substituted the ferromanganese preparation 
"Mazhef" manufactured Muscow factory, for the zinc dihydrophosphate, 


order make our results meet the specifications domestic phosphatizing 
practice, 


Effect the concentration sodium fluoride. Optimum the phosphat- 
izi solution. nitrate was added the solution acceler- 


ator, its optimum concentration being governed the following equation, de- 
termined preliminary tests: 1:1. The overall acidity the 
Solution was points. The solution was measured means potentiometer 
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with glass electrode and the meter turned out the Moskip 


made study the effect the concentration the sodium 
upon the the phosphatizing solution, end the anitcorrosion properties and 

color the phosphate coatings. The experimental data cited Table and Fig. 

are the mean values parallel measurements that were repeated many times 
(10-15 times) and did not much from cne 


Color 


coating, 
Remarks 


Additions 
the prep- 
aration 


Total 
acid- 


Unsatisfactory 
coating 


These tests showed that the con- 


centraticn NeF the phosphatizing 
solution was increased, the solution 
rose uniformly. The coatings formed 
solutions with ranging from 
3.4 had the highest anticorrosion resis- 
tance. The optimum solution 3.4 
corresponded the highest resistance 
the coatings corrosion (under the 
given conditions). When the solution 
was raised above this optimum, the coat- 
resistance corrosion dropped 
off sharply. The color the coatings 
likewise changed quite uniformly. For 

additions sodium fluoride,the 

resultant deposits were relatively dark, 

the color rapidly changing light Fig. Effect the concentration 
gray the NaF concentration was NaF upon the properties cold- 
creased. Moreover, the light gray phatizing coatings. 

color the cold-phosphatized coatings 

was not factor typical the unsat- A-Coating color,% white; B-resistance 
coatings produced the usual hot meth- 


Auxiliary constituents the cold-phosphatizing solution. has been shown 


above that the formation phosphate coating upon steel room temperature re- 
quires that the phosphatizing solution contain certain quantity sodium fluor- 
ide, without which the phosphatizing process extremely slow, and the resulting 
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coatings have little corrosion and are too weak 
ally, matter whether the concerning the sclution pH, the con- 
centration the basic preparation, and the other couditions have been complied 
with not. was observed, however, that the coatings forced from solution 
that contained only the indispensable constituents preparation and 
sodium fluoride) had relatively coarselycrystalline structure and was not very 
effective protecting the metal against corrosion notwithstanding the great 
thickness the coating and its covering power. Moreover, 
process was extremely slow. 


eliminate these deficiencies, found useful con- 
stituents the phosphatizing solution accelerators, which are essentially 
combination one oxidizing agent another with that diminishes 
the free acidity the solution. Substances this sort are, for example, zinc 
oxide, calcium oxide, etc.; not advisable add strong alkalies the 
solution. 


have found that optimum results are obtained wnen the acid value the 
given the ratio the total the free acidity 


lower than 12-15, whereas the value the acid 
number 7-8 for the ordinary hot process 


see Figs. and (see Plate, page 495), the phosphate 
produced room temperature have extremely fine and uniform crystaliine struc- 
ture, compared the coatings produced hot phosphatizing; they possess 
covering power and are firmly bonded the metal. They have somewhat lower 
resistance corrosion than ordinary coatings. 


Duration the cold-phosphatizing process. the experiments described 
above, the phosphatizing time was long enough eliminate this factor study- 
ing the properties the coating. was that 40-50 minutes treatment 
the phosphatizing solution would suffice form the coating completely, es- 
pecially the cold phosphatizing process does not require more than minutes 
according the data the literature 


the usual method checking the TABLE 
end the phosphatizing process, 
(the end the evolution 
hydrogen the useless 
this case. The visible gener- 
ation gas bubbles comes 
end within the first 3-5 minutes 


during cold phosphatizing, though Phosphatizirg 

the process forming the coating was 

far from complete that time. 19°C, with 
The actual phosphatizing solution 


study the changes weight 
the samples and the resistance the phosphate coatings corrosion. The ex- 


perimental results are listed Table 


These figures indicate thut the minimum time for phosphatizing ina 
tion must minutes for the formation high-quality coating. 


Effect temperature. noticed that the temperature the phosphatizing 
solution affects the length time required for cold baths, 
well the quality the coatings themselves. When the temperature lowered 
little 3-4°, the time required for the process 
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while the quality the coatirgs grows noticeably Raising the solution 
temperature 20-30° likewise has pronouncedly unfavorable effect. there- 
fore concluded that there must some optimum temperature which the process 
would the best results. This conclusion was subsequently torne out during 
study the effect temperature upon the the coat- 


ings (Fig. 4). 


was found that the temperature opti- 
mum lay the 20-30°C Raising 
lowering the temperature beyond the otpimum 
impaired the protective properties the 
coatings pronouncedly. The coatings produced 
temperature 25-26°C had the highest 
resistance corrosion minutes for the 
drop test). 


The suggestion 
has been advanced that the phosphatization 


process rate speeded treating steel 
parts phosphatizing solution through 
which alternating current passed 


contrast the dinary process, 
electrophosphatization effected with zinc 
dihydrophosphate 65-75°. The electric 
current the hydrogen evolved when 

the metal reacts with the solution, thus 
speeding the formation dense, finely 
crystalline ccating, the thickness which 


Fig. Effect the temper- 
solution upon the resistance 
the phosphate pro- 
duced. 


much 0.012 according Rivkind [11]. has also been shown that 
raising the process temperature above the specified level impairs the quality 
the coating, cue, apparently, further hydrolytic decomposition the zinc phos- 
phate and increase the free acidity the solution above the optimum value 
Electrophosphatization hot solution effected with voltage 15- 

volts across the terminals and 3-5 According Kudryav- 
tsev, increasing the current density amp improves the coating [12]. 


Our experiments electrophosphatization hot baths have shown that ap- 
plying current prozotes the phosphatization process enormously, the process 
time being shortened 4-8 minutes. phosphate well the 
preparation may employed for hot phosphatizion. Though the operating condi- 
tions for the two substances are somewhat different, the resulting phosphate 
coatings are quite similar. These coatings possess extremely fine 
crystalline structure, their thickness being 


features hot electrophosphatized coatings are their 
high mechanical strength and their light gray color white). Their resis- 
tance corrosion somewhat less than that coatings produced usual 
hot baths, however (2-4 minutes the drop test). 


There suggestion the literature that electrophosphatization cold 
solutions ought yield coatings, the protective properties which would not 
inferior those produced the usual hot baths, though the process time 
would considerably [6]. data are cited support this pro- 
posal, nor any information given concerning the process conditions. 


made cur tests cold electrophosphatization ascertain the process 
conditions well establish the properties coatings. 
The steel were treated the used for the cold chemical method 
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ture 20°C; distance between electrodes 8.5 electrode 


“les before phosphatization. 


began learning the effect the c.d. upon resistance corrosion 


the coatings. The processing time was fixed minutes for all the samples. 


Current 


|to 
density, amp fon, sec. 


The coatings were bright, with 


good covering power, finely 
0.5 
1.0 The coatings were dark, thin, 


with typical passivation the 
surface the edges. 


see from Table that the optimum c.d., yielding the highest anti-ccrros- 
properties (under the given conditions), was 0.3 


then made study the kinetics electrophosphatization 
optimum tested the gain weight the samples and the resistance 


corrosion the coatings. Our results are shown graphically Figs. and 
The following conclusions may drawn from these results. 


Change the anticorrosion 


zing time cold baths. 0.3 
voltage: volts. 
A-Gain weight, B-phosphatizing 


the time prolonged, the weight the 


creases continuously, slowly first (during the first minutes) and then dir- 


the electrophosphatizing time 
cold baths. 0.3 
voltage: volts. 


time, min. 


amples in- 


gain weight then 
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perceptibly. The coatings are bright and quite thick (up 
and possess good covering power, uniform finely crystalline structure, 
and high mechanical strength. 


The anticorrosion properties the rise the phosphat- 
izing time, reaching value minutes the drop test after minutes 
phosphatizing carried out 


Thus, the application alternating current during cold-bath phosphat- 
izing increases the anticorrosion properties, the mechanical strergth, ani the 
thickness the coatings over the respective values for coatings 
chemical treatment alone the same baths. The following overating conditions 
are recommended: c.d.: 0.3 voltage: 10-12 20-25°; 
processing time: minutes.. 


notes cold processes. room temp- 
erature, with the production high-quality phosphate coatings, became feasible 
only after effective egent was found for increasing the activity solutions 
the usuel phosphatizing salts. were the first point out that some the 
derivatives fluorine, sodium fluoride particular, might serve these activ- 
ating agents. When certain specifications concerning the concentration the 
basic preparation, the solution pH, the ratio total free acidity, nature 
and the concentration the accelerators,.etc., are complied with, the 
sodium fluoride yields bright, strong, very finely crystalline coatings 
covering power rocm temperature, which are distinguished their high 
tion and adhesion properties with respect protective lacquers and paints and 
possess satisfactory anticorrosion properties themselves. 


our investigations have shown, the concentration the solution the 
iron-manganese preparation together with the obligatory and auxiliary 
additives, must 60-70 points, while the must kept within the 3.0- 
3.4 range. Raising the acid number (the ratio the total the free acidity) 
from 7-8 (the value for the ordinary hot process) 12-15 promotes the formation 
high-quality coatings shortens the processing time room temperature. 


this case, the most efficient way preparing the parts for phosphatizing sand- 
blasting. 


The cold-phosphatizing processing time depends largely upon the specifica- 
tions the resultant coatings are meet. The formation the coating does not 
cease when the visible evolution hydrogen comes end (3-5 minutes); the 
coating thickness and its anticorrosion properties increase parallel with the 
sample's gain weight. resistance the cold-phosphatizing coatings 
corrosion can achieved, however, only when the requisite bath temperature 
maintained, inasmuch has been found that raising the temperature 
the phosphatizing solution above below the optimum (19- greatly 
pairs the protective properties the coatings. 


Electrophosphatizing cold solutions under the specified conditions fur- 
ther increases the resistance the coatings corrosion, greatly increases their 
resistance abrasion, and shortens the process time somewhat. 


Numerous experiments and industrial tests the method have developed 
have demonstrated that the cold-phosphatizing solutions are highly stable, thus 
effecting saving the consumption the preparation and the acceler- 
ators over the usual consumption figures, while greatly shortening the loss 
time involved correcting the bath during the process. 


cold phosphatizing and electrophosphatizing has been widely tested 
the printing industry the preparation litho-offset steel. 
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The great stability the solution and the constancy the results ob- 
large-scale phosphatizing make possible introduce rigid 
ization the process. 


longer necessary employ hot the parts they 
immersed the phosphatizing end after completioa the process. 
Cold washing can substituted for hot washing without adverse 


Another advantage the new process the fact that processing parts 
cold-phosphatizing solutions does not involve perceptible changes the mechan- 
ical properties the metal, contrast what happens the usual hot process 


use the cold-phosphatizing process for the mass treatment parts 
assembly-line installations for the processing large parts spraying 
especial practical importance. 


SUMMARY 


experimental check the previously suggested process bond- 
erizing" has confirmed the feasibility phosphatizing ferrous metals room 
temperature and has revealed basic disadvantages this process, involving its 
low efficiency far the protective and mechanical properties the result- 
ant ccatings are concerned. 


has been shown that lowering the temperature the phosphatizing 
process room temperature, though achieving positive results with regard the 
properties the phosphate coatings, requires sharp increase the activity 
the solution the usual phosphatizing salts the some activator 
the solution, and the strict compliance with the specified optimum solution pH, 
acid (n) concentration the preparation and the accelerators, etc. 


new method put forward for the cold metals, yield- 
ing high resistance corrosion together with the requisite mechanical strength. 
The method involves the formation protective phosphate coatings the tempera- 
ture range 19-30°C, using solutions that contain fluorine compounds obliga- 
tory additives the standard iron-manganese together with ecceler- 
ators that lower the free acidity the solution ard promote the depolarization 
the hydrogen evolved during phosphatization. The optimum processing conditions 
have been worked out for chemical phosphatizing room temperature and for cold 
electrophosphatizing using alternating current. 


Numerous experiments and industrial tests have confirmed the prectical 
value the new method, both far the effectiveness its protection 
against corrosion and the marked simplification the technology phosphatizing 
are concerned and from the standpoint the savings involved. 


Owing the high adsorption and adhesion properties 
izing coatings, this new method particularly effective the multiple protecticn 
parts against corrosion, involving the subsequent treatment the phosphate 
layer with organic fillers the application paint protective 
films. 
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SUSPENDED LAYER SPHERICAL 


Chair Rubber Technology, Institute Technology, Leningrad 


our preceding report showed that layer solid spherical part- 


icles suspended liquid gaseous stream may hydrodynamically 
means the equation: 


This equation was derived from large quantity experimental data. Tue present 
report describes the conditions under which these experiments were and 


the results processing the data obtained, thus enabling assess the accur- 


acy Equation 


Experimental method. The device which the suspended layer solid 
spherical particles was investigated was vertical glass column. Most often 
used glass tube with internal diameter 24.6 mm, though sometimes employ- 
tube whose inner diameter was 16.5 mm. Both tubes were 550 high. cop- 
per screen was attached from the bottom end the tube. When liquid flow 
was employed, used the setup shown Fig. layer spheres was first 
placed the copper screen until reached certain height. The layer heights 
usually employed were and cm. Then the liquid was allowed rise through 
the tube slowly the speed regulator (stopcock B), constantly replenish- 
ing the liquid the level regulator until all the bubbles had been driven out 
the layer solid particles. then set the desired liquid flow rate and 
measured the height the suspended layer. The initial and terminal heights 


the layer were read off scale graduated millimeters, attached 
the tube. 


the tube was kept strictly vertical, the height the remained 


practically unchanged throughout run. fluctuated considerably when the 
was not quite vertical. 


The liquid flow rate was measured several times during the run using 
second stopwatch read off the time required for the liquid flowing out 
the upper end the fill cylinder known capacity. The 
liquid flow was uniform rule, the time required for filling the cylinder 
remaining invariant fur the individual samples. The temperature the discharge 
liquid was measured graduated tenths degree. 


The pressure drop the Liquid was measured with differential manometer 
one end which was the tube point below the screen, 
while the other end was point 450 above the screen. The pressure 
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drop was measured the nearest 0.1 water 


Two liquids were these tests: water and kerosene. always 
used ordinary. tap water without any prior treatment, the kerosene distilled 
use. The necessary characteristics the water (specific gravity, vis- 
cosity) were taken from handbook [2], while measured these for the 
kerosene. The viscosity the kerosene was measured with Ostwald 
15, 20, and 25°, its specific gravity being measured the 
same temperatures. logarithmic graph viscosity versus temperature was 


ted, the specific gravities for various temperatures being found sizple inter- 
polation. 


Fig. Apparatus for studying 


Fig. Apparatus for layer 
layer suspended streams 


liquid. 
A-Level B-regulator liquid flow, A-Blower; C-differential 
D-measuring cylinder, E-colum; E-tube containing F-oil separator; G-gas 
manometer. 


flow regulator; 


setup used for the experiments particles suspended current 
gas was somewhat different (Fig. 2). tube containing gas 
flow regulator oil and gas blower was connected the bot- 
tom the column. The tube served device for measurirg the velo- 
city gas flow through the The tube diameter was less than mn, 
that the diaphragm was specially calibrated guring operation, and its constant 
determined. The gas velocity through the column was calculated from the follow- 


ing equation 


where the velocity the gas through the column, meters/sec; the 
constant; the diameter the column, meters; the pressure 
drop across the diaphragm, water column, the absolute pressure 
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air; and the temperature degrees Kelvin. 


After layer spherical particles had been piaced the column 
certain height (usually 4,6,8, cm), the gas flow was manipulated 
produce suspended given heignt. While this was going on, the dif- 
ferential manometer was measuring the pressure drop across the and 
the manometer was measuring the residual pressure the tube, these 
two quantities being required for computing the gas velocity the column 
from Equation (2). The pressure drop the column was measured tte nearest 
alcohol column the differential manometer and then 
The temperature the gas was measured the outlet end 
graduated tenths degree. 


Two gases were employed these tests: air and dioxide. The air was 
taken directly from the room means gas blower, while the carbon dioxide, 
supplied tanks, was first evaporated into gasometer. The viscosity and 
specific gravity air and carbon needed for our were 
taken from handbook, [2]. 


Description the solid spherical particles. Glass and lead balls were 
utilized these tests. The glass balls were specially manufactured, while the 
lead balls were the usual lead shot used for shotgun shells. Glass rods the 
same grade were used making the glass balls. The rods were heated Bunsen 
burner flame and drawn out into fine, long thread, which was wound 
wooden drum. keep the glass thread from breaking cooled the drum, the 
latter was set distance 
meters from the Bun- 


TABLE 
sen burner. traversed 
long path, the thread sol- Description the Particles Used 


idified the time was 


wound the drum. This from the arith-|Density 
led secure icle |metical mean diameter, Jof the 


glass thread several thousand mater-mean dia- mat- 
meters long. The resultant ial eter, erial, 


drum cons- Not more then 59° 

ant spee means mech- 

hot flame soldering torch. From +10 

The minute balls molten Not more than 

dropping sloping sheet 
cardboard, down which they 
rolled into the collecting 
bin. The well-adjusted appar- 
atus, once set up, operated 
continuously for days 
time, needing practically 
attention. 


The glass balls thus prepared were screened secure fractions uniform 
diameter. 100 balls were chosen from each fraction, and their diameters were meas- 
ured micrometer graduated thousandths millimeter. The arithmetical 
sum these diameters was taken the diameter all the balls the fraction. 


The figures this column indicate tne the particles that deviated the diameter. 
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TABLE 
Suspended Layers Spherical Particles 


criterion 


1.691 
1.691 
1.691 


e 


= 


e 


10000 
10000 
10000 
10000 


Glass balls water 


0.06802 
0.08842 
0.03316 
0.04358 
0.05660 
0.06197 
0.02678 
0.04390 
0.05752 
0.02264 
0.03835 


Lead balls water 


1.221 
1.221 
1.221 
1.221 
1.221 
1.221 
1.221 
1.221 
1.221 1662.00 


0.21463 
0.30987 
0.18378 
0.31029 
0.96040 
0.27589 
0.31616 


Glass balls 
79.41 


kerosene 


0.05899 


1.755 


83.54 
83.54 


0.07802 
0.09167 
0.10969 


248.65 
149.78 
100.20. 
79.17| 79.16 
400.94 


156.90] 


120.55 
117.64 
238.60 
604.97 
366.0 

235.09 
212.00 
428.35 
300.51 
450.09 


88.52 
41.63] 45.93 
35.81 
54.76 
43.90 
78.85 
62.98 


86.44 


Discrep- 


e 


1.691 019 1.769 


‘TABLE 


page 422 for column headings 


Glass balls kerosene 


Lead balls kerosene’ 
Glass balls air 
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TABLE 


See page 422 for column headings 


Glass balls air 


0.59948 |10 
0.67936 |10 


0.01847 
0.01843 
0.01843 
0.01843 
0.01833 
0.01833 
0.01833 
0.01833 
0.01833 
0.01833 
0.01833 
0.01833 


222 
222 
222 
222 
230 
230 
230 
230 
230 
230 
1.230 
1.230 


-Glass balls 


0.01486 
0.01486 


148.70 
154.80 
156.30 

72.00 

106.80 
109.70 
119.60 
149.20 
151.10 
155.20 

69.70 

70.80 

96.90 
100.30 
113.40 
118.20 


0.57130 
0.47122 
0.55597 
0.51600 
0.56873 
0.60525 
0.40586 
0.50152 
0.38974 


0.45880 


0.40933 
0.45270 


carbon dioxide 


93.20 
122.50 
123.40 
141.70 
143.10 
89.00 
90.80 
114.40 
118.20 
142.20 
143.60 
61.70 
63.50 
90.30 


0.45905 
0.56616 
0.59940 
0.57040 
0.64421 
0.42623 
0.53358 
0.47037 
0.54901 
0.47081 
0.52894 
0.56508 
0.36765 
0.45126 
0.35684 


17.7 |2434.0 
0.805 
2434.0 
2434.0 
19.0 2434.0 


10. 
ll. 


10. 
1l. 


Three the fraction: glass balls were used our tests. 


3598.20 


FOF 


2216.60 
2347.70 
3833.40 
2691.50 
2243 


2351.70 
1553-90 
2310.40 
1821.00 


2161.90 
1767.30 
2201.20 
1755.00 


2299.40 
1820.70 
2602.60 
1695.50 
2747.60 
2083.30 

306.50 
2700.40 
2389.50 
2451.00 
1669.20 
3858.30 


2543.70 
2667.20 
2195.30 
2971.00 
2335.60 
2049.70 
2598.10 
1710.50 


2826.70] 3553.40 


The same method was used determine the size the lead balls. 
the substance from which the balls were made was determined means pycnom- 


eter 20°. 


complete description the balls given Table 


The density 


49618 
0.62890 
0.46990 
: 
0.01493 
0.01492 
0.01492 
0.01492 
0.01492 
0.01503 
0.01503 
0.01505 
0.01505 
0.01505 


total 281 experiments was run with spherical particles under various condi- 
tions, counting both the main and tests. the majority 
cases the parallel tests yielded results that were very close those secured 
the main tests; therefore have only the results the main tests 
Table avoid unnecessary bulkiness the tabuler 


our preceding report [1], heve shown that, the assumption that the 
phenomenon suspended layer consists three elementary can 
represent this phenomenon theoretically means the following equa- 
tion: 


The expressions for calculating the criteria are given that same 
report. There are two unknowns Equation the and the expon- 
ent These unknowns may readily from the experimental data listed 
Table thus yielding the final equstion for the hydrodynamics suspended 
layer spherical particles, given Equation (1). The three last columns 
Table give the observed values Zuler's criterion, the corresponding values 
calculated from (1), discrepancy between. the vast major- 
ity instances these are quite small, strikingly the data plotted 
Fig. 


-Equation was de- 
turbulent flow (Rey- 
number higher than 
our 
the value the Reynolds 
number varied from 4.3 
630, however, though 
there were very few tests 
which the number fell 
below Still, these 
tests yielded satisfact- 
ory agreement the ob- 
served and the computed 
values Euler's criter- 
ion, but the deviations 
were all one side 
the curve, see 
the bottom Fig. 
tendency for the com- 
the observed values. This 
points the necessity 
describing the hydro- 
dynamics suspended Fig. Results tests spherical particles. 
layer the region 


laminar flow means 1-Glass balls 2-glass balls 3-glass balls 


air, 4-glass balls carbon 5-lead balls water 
equation. Such 6-lead balls kerosene. criterion, 


derived and tested 


the method described our preceding [1] and present reports. This will 
subject our next report. 


express our profound gratitude V.L.Rubana, who suggested the 
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method producing the glass balls, and who adjusted the pro- 
duce them the method described herein. 


SUMMA 


Experimental data have been utilized determine the unknown 
and exponent the derived equation for the hydrodynamics 
suspended layer solid spherical particles. 


The applicability the criterial equation numbers ranging 
from 630 has been tested the formation suspended layers glass and 


lead balls with diameters ranging from 1.97 water, kerosene, air, 
and carbon dioxide. 


method has been mapped for studying the suspended 
layer the region laminar flow. 
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‘THE AQUEOUS HYDROLYSIS 


Institute the USSR Acadeny sciences 


mild preliminary treatment wood with hot water beginning 
various branches the industry, such the production crystalline 
xylose. Deciduous wood, rich pentoses, usually employed for this purpose 
The hydrolysis wood temperature higher than 100° has likewise been 
introduced into the celiulose industry recently [2]. The humification wood 


polysaccharoses that occurs when mineral acids are employed much less 
aqueous hydrolysis. 


their investigation aqueous hydrolysis, most authors that 
important factor was the splitting out acetic and formic acids, which break 
down the bond between the lignin and the carbohydrates [3]; Sharkov and Efimov 
believe that the hydrolysis hemicellulose accelerated aqueous 
tion organic acids different degrees, depending upon the presence these 
readily split-out acids the plant fiber. These authors heated ground pinewood 
100° for hours pure water, dissolving 5.6% hemicellulose (by weight 
the original wood). the hemicellulose heating 
the wood 174° autoclave for minutes. Increasing the length the 
water treatment 120 minutes under the same conditions raised the percentage 
that entered solution 15.3-15.8%. and his 
ates [5] Siberian deciduous woods with water, securing 20% gun. 
They made study the serviceability this gum material for hydrolysis 
and sutsequent saccharification, the study yielding positive result. 
[6] recovered hemicellulose from sphagnum mosses boiling with water for 200- 
250 hours. extracted some 40% carbohydrates this method. Analyzing 
the hydrolyzates, the author found (in percentages weight reducing sugars): 
26% xylose; 6.4% mannose; 23-30% galactose, and 40% glucose. and 
Gortner [7] have shown that the aqueous hydrolysis poplar (at 186° for 


hours) hydrolyzes not only the hemicelluloses, but some 37% all the 
the wood well. 


and Sarten [8] with hot water 100, 135, and 165°, 
dissolving 35% the ripe wood. The authors cite proof that the solution 
contains substances the shape the entire ligneous complex, preserving the 
elementary composition the original wood. Their rather general ultimate anal- 
ysis led these authors deny the existence lignin special aromatic 
substance wood, inasmuch the lignin ought have high percentage car- 


bon differing appreciably from the percentage carbon the wood whole. 
Our objections these notions will cited below. 


the present research, using oakwood, had our objective: recovering 
the principal soluble products means the mildest possible aqueous hydrolysis; 
identifying them chemically completely possible; and making microscopic 
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study the changes the cell walls caused the from these 
some their principal constituents prolonged mild aqueous hydrolysis. 


EXPERIMENTAL 


our research utilized samples oakwood the species Quercetum font- 
according Tellerman's classification, froa trees about 60-75 years old, 
yielding logs 28-30 diameter, cut off height 1.25-1.35 meters above 
the ground. 


After the bark and the bast fiber had been sawdust mixture was 
prepared from average sample the wood. Sawdust passing through 
screen and held screen was taken for analysis. The prepared sawdust 
mixture was freed from resin (by extraction with ethyl ether) and from tanning 
agents (by boiling for hours with water over water bath with reflux con- 
denser, and then washing with hot water until the water was colorless). 
The individual batches sawdust were air dried and then subjected prolonged 
renewable aqueous extraction for 50, 100, 500, and 1000 hours. Extraction with 
‘water was effected 100°, using electrica> reflux condensér and 
mechanical stirrer, the sawdust and water proportions being 1:50. Every hours 
the water was separated from the sawdust decantation, fresh water was poured 
over the sawdust, and extraction was begun again. The extracts the and 
100-hour aqueous treatments were collected separately and evaporated vacuum 
(5-10 Hg) 35-40°, the evaporated hydrolyzete being analyzed 


The original sawdust (with the resin and tanning agents removed) and the 
residues left after 50, 100, 500, and 1000-hour aqueous extraction were analyzed 
chemically. The quantity water-soluble substances was determined from the 
dry extract residue and the sawdust's less weight. The analysis was made for 
the percentages the following constituents: cellulose, lignin, pentosans, 
methylpentosans, uronic acids, groups (total and read- 
ily split out), substances soluble NaOH, acetyl groups, nitrogen, and ash. 
ultimaic analysis was also made. used, the main, the method described 
our preceding report for determining the constituents the wood, except 
for determination the acetyl groups and the The acetyl groups were 
determined the Freudenberg method [10], subsequently elaborated (for wood) 
Freeman and others [11]. 


sample the wood treated heating over water bath with absolute 
alcohol and p-toluenesulfonic acid. acetyl groups that split out enter into 
reaction with the absolute forming ethyl acetate. The latter driven 
off into titrated alcoholic solution alkali, where saponifies after re- 


heating. The number acetyl groups calculated from the consumption alk- 
ali. . 


The nitrogen the wood was determined the Kjeldahl method [12]. 


also. investigated the overall reducing properties the water-soluble 
hydrolyzates. the hydrolyzates secured from the wood residues left after 
longed water processing, determined the readily and difficultly 


hydrolyzable substances, and fermenting and nonfermenting sugars, the latter being 
identified quantitatively. 


The readily hydrolyzable reducing substances the initial sawdust and 


the sawdust after extraction with water for 50, 100, and 500 hours determined 
fhey were evaporated, the aqueous extracts were stored under toluene glass bott 
boiled for minutes hot plate, efter the flasks were quickly with sterile absorb- 
ent cotton. This operation was repeated every time was taken for anelysis. 
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boiling the sawdust with 2.5% sulfuric acid over water bath for hours, 
using 1:50 ratio [13]. The resultant hydrolyzates were subjected 
Bertrand analysis determine their percentages reducing substances; 
they were then neutralized with barium carbonate (pH 4.5-5) and, after the re- 
sulting precipitate had been filtered out, the reducing they contained 
were again determined the Bertrand method and expressed terms glucase. 
The loss reducing substances caused neutralization totaled 6-9%. The neu- 
tralized hydrolyzates were evaporated vacuum (5-10 Hg) until their concen- 
tration sugar totaled The evaporated hydrolyzate was divided into two 
parts one part the hexose was eliminated fermentation with baker's yeast 
1.5 yeast was used per 100 hydrolyzate.Fermentation was 
done small flasks fitted with seal. The completeness fermentation 
was checked the flask's loss weight. rule fermentation was complete 
after two days. After fermentation was over, the mash was separated 
from the yeast filtration after brief period boiling. The total reducing 
substances the resultant filtrate were then determined the Bertrand method. 
The difference the reducing substances before and after fermentation was the 
total fermented sugar. The nonfermenting sugars (after the mineral salts had 
been eliminated from the solution with alcohol) were then analyzed determine 
their xylose content the bromocadmium salt xylonic acid [14], ara- 
binose content being found the diphenylhydrazone hydrochloride [15], their 
uronic acids the Tollens-Le Fevre method [9]. 


The mineral salts were eliminated from the second half the neutralized 
and evaporated hydrolyzate adding alcohol the solution, after which its 
galactose was determined via mucic acid the Van der Haar method and its 
mannose was determined phenylhydrazone insoluble acetone alcohol 


The reducing substances that were hard hydrolyze were determined the 
sawdust residue (after the reddily hydrolyzable reducing substances had been 
removed) with 80% sulfuric acid the Kiesel and Simiganovsky method [18,19]. 


The resultant hydrolyzate was analyzed the same method used for the analysis 
the readily hydrolyzable portion. 


our investigation the reducing properties the substances that had 
dissolved the water, noticed that additional hydrolysis with 2.5% sulfuric 
acid for hours resulted diminished yield reducing substances 
instead therefore ran series auxiliary experiments and 
made several the conditions governing the hydrolysis the water- 
soluble substances. Hydrolysis was effected follows: the water-soluble sub- 
stances (from the 50-hour and 100-hour aqueous extracts) were boiled for hours 
with sulfuric acid part acid parts extract) with reflux con- 
denser. This procedure produced the highest yield reducing substances. 


our quantitative identification the sugars (xylose, arabinose, etc.), 
checked the methods were using applying them the pure sugars. Our 


research has resulted the introduction several changes the procedures 
specified the literature the present time. 


Our first series tests yielded characteristic picture the changes 
the chemical composition sawdust function the water-extraction time. 


These results (the mean values two more determinations) are listed Table 


see from Table that the percentage water-soluble substances rises con- 
tinuously extraction continued. The loss weight the sawdust totaled. 
11.2% after hours extraction with water, 32.0% after 100 hours, 51.5% after 
500 hours, and 65.6% after 1000 hours. The average ultimate analysis the 
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the Chemical Composition Oakwood after Aqueous Extraction. 


extraction extraction extraction extraction extraction with 

Analysis for: (without with water with water with water with condenser 
resin for hours for 100 hours for 500 hours for 1000 for 396 hours over 
(%) hours (%) water bath (%) 


Dry Dry Dry 


Origin- Dry 
resi-jal resi- wood resi- 


wood 


due due due 

sawdust after 
aqueous extraction 11.2 32.0 
Dry 100 88.8 68.0 

(%) e 6.21 6. 15 5. 96 

Kurschner cellulose 
pentosans 40.7 44.9 39.9 58.1 39.5 
Storch and Muller 
24.9 25.6 22.7 24.5 16.7 
Pentosans, correct- 
for uronic acids 
and methylpentosans 22.4 20.5 18.2 10.42 
0.24 0.09 
acids (in 
terms the glu- 
4:1 3.7 1.7 1.3 
groups” 6.7 6.8 6.0 5.8 3.9 
Readily detachable 
Substances 
Acetyl groups 3.0 1.9 2.4 1.6 0.6 0.3 0.4 0.1 
Ash 0.06 0.09 0.06 0.11 0.13 
Sum total 99.6 99.1 99.0 66.6 48.9 34.3 


The total methoxy groups were not entered into the sum total, part them the lignin. 


substances oluble were not entered into the sum total, most them are included with the 
pentosans. 
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sawdust residue remained that the initial sawdust. The 
changes the composition the wood were means uniform, however. The 
pentosans and uronic acids dissolved water best, lignin less so, and 
cellulose much less so. The pentosans left the sawdust totaled 18.2% after 
hours extraction with water (as against 22.4% the original sawdust), 
7.1% after 100 hours, and only 1.8% after 1000 hours. This means that 90% 
the pentosans the original wood were dissolved. The same picture observed 
when examine the changes the percentage the uronic acids, which totaled 
only 0.2% the sawdust residue after 1000 hours aqueous extraction. Hence, 
96% the uronic acids originally present the wood dissolved the water. 
The lignin left the wood residue totaled 22.7% after hours extraction 
(as against 24.9% the original sawdust), while 75% the total wood lignin 
was dissolved after 1000 hours. was found that the cellulose resisted re- 
peated aqueous extraction most tenaciously, being practically unaffected the 
first 100 hours extraction, and only 36% its initial solu- 


tion after 1000 hours extraction (the residue containing 25.5% weight 
the initial wood, against 


The foregoing dissolved constituents their hydrolysis products were 


found the aqueous extracts evaporated vacuum. results-of these anal- 
yses are listed Table 


TABLE 
Chemical Composition Aqueous 


Extract after hours [Extract after 100 hrs. 
Analysis for: extracting the extracting the saw- 


dry residue|original dry orig- 
wood inal 


-11.2 30.8 
Pentosans, corrected for uronic 

acids and methylpentosans ...... 4.9 15.3 
Methylpentosans 1.0 1.70 0.52 
Mannan none none none none 
Total methoxy 2.8 0.3 8.0 2.4 
Readily detachable methoxy groups 0.01 3.5 1.1 
0.10 0.01 0.09 0.03 


When examine Table see that the aqueous extracts contain high per- 


centage pentosans (or products their hydrolysis). The percentage 


took the original wood the wod its resin and (the resin removed 
extraction the sawdust with ether totalled while the agents removed hours extrac- 
tion with water totalled 9.4%). 


lignin was found contain carbon, hydrogen and 18% methoxy groups. 


these substances the extracts the same order magnitude their loss 
the sawdust. The drop the percentege pentosans the sawdust was 4.2% 
after hours extraction, for example, while the hour aqueous extract in- 
dicated contained 4.9% pentosans (in terms furfural). The percentage 


pentosans the sawdust dropped 15.3% after 100 hours aqueous extraction, 
the same percentage being found the aqueous extract terms fur- 
fural. The same picture seen changes the percentage uronic acids. 
The changes the percentage lignin likewise agree with the percentages found 


determining the percentage lignin the aqueous extracts made 
change the usual method employed for determining lignin wood. Enough 80% 
sulfuric acid was added given volume the aqueous hydrolyzate, evaporated 
vacuum and containing least 0.5 dry residue, make the acid concen- 
tration the total volume amount 64%. One part dry residue was taken 
parts acid. The reaction mixture was then allowed stand for hours 
20°, after which was diluted with 200 water and boiled for minutes 
hot plate. The resulting insoluble (condensed) lignin was filtered cut, 
washed with water, and dried constant weight 105°. 


see from Tables and the sawdust lost lignin after boiling 
for hours, while the extract was found contain about 2%. After 100 hours 
extraction with water the sawdust had lost lignin, while the extract was 
found contain 7.5%. 


The mean analysis the substances dissolved water (Table 
and the composition the water-insoluble sawdust residue were both close 
the mean ultimate analysis the initial sawdust. 


For the sake comparison also ran 396-hour extraction with water 
over boiling water bath, using reflux condenser_and changing the water every 
hours, the sawdust-water proporticns being the same: 50. The results 
this test were compared with the results obtained electrical air heating 
3). 


TABLE 
Results Extraction Boiling Over Water Bat 
and Electrical Air Heating 


Boiling with air heat 


Boiling over water bath 


brs. 


weight, 


29.7 
38.9 

100 


see Table the sawdust dissolved even when heating 
done over water bath, being partially hydrolyzed during prolonged aqueous 
extraction, but the rate hydrolysis somewhat slower. essential differ- 


ence observed, borne out the chemical analyses (cf the last column 


The figures listed Table indicate that the reducing substances are 
largely dissolved polymer when sawdust extracted with water, the mono- 


saccharides being formed only after additional hydrolysis these substances 
with sulfuric acid. 


When compare the data the change the percentage readily and 
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difficultly hydrolyzable reducing 
substances listed Table 
see that the readily hydrolyzable 
Sugars are diminished the: 
made from the sawdust 
residues left after prolonged ex- 
traction with water. Table 
shows, this change occurs the 
the expense the nonfermenting 
portion the hydrolyzate. The. 
hydrolyzates the original saw- 


TABLE 
Change the Reducing Substances “in 


ous Extracts (Per Cent Weight the 
Anhydrous Residue 


After hydrol- 
ysis with 
Extract after 

hrs. extraction 


dust contained 17.1% readily 

hydrolyzable nonfermenting sugars, 
whereas the hydrolyzates the 

sawdust residue left after 72.2 


hours extraction with water con- 
tained only 8.1%, the 100-hour 
residue hydrolyzates containing 

5.5%, and the 500-hour residue hydrolyzates only (in terms the original 
wood). All this conformity with the data our general chemical analyses, 

listed Tables and which indicate change the percentage the 
pentosans and uronic acids during aqueous hydrolysis. The difficultly 
able reducing substances the original sawdust contain: somewhat less nonferment- 
ing suger than the readily portion, and the sugar likewise 


Identification the Reducing Portion Oak Sawdust 


sawdust hours ter 100 houre 500 
(without extraction extraction raction 

ith water 


Reducing Substance (R.S.) 


Readily hydrolyzable R.S. 22.8 15.1 13.4 11.0 0.4 
Fermenting ...... 5.7 6.0 5.3 8.1 5.5 0.4 0.2 

ding Glucose (diff.).. 5.6 6.0 8.1 5.5 

Galactose ....... 0.2 0.1 0.08 tr. tr. 

Inclu- Nonfermenting ... 10.2 8.8 7.8 6.2 4.2 0.7 

ding 5.1 4.0 2.8 
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diminished the hydrolyzates the wood residues left after extraction with 
water. the hydrolyzates the original sawdust the sugars totaled 10.2%, 

for exemple, while they amounted more than 0.7% the hydrolyzate the 

wood residue left after 500 hours extraction with water. 


also see Table the tested oakwood had mannose all, and 
merely traces galactose and arabinose, whereas the xylose totaled 
12.2% the readily hydrolyzable reducing substances and 5.1% the re@ucing 
substances that are hard hydrolyze (both per cent the initial wood). 

Tne uronic acids were 4.3% the readily hydrolyzable and 2.2% the difficultly 
hydrolyzable reducing substances, though the percentage glucose (after hydrol- 
ysis the cellulose) 44.7% the reducing substances that are hard 
hydrolyze; addition, 5.6% glucose was found the readily 
zable reducing substances. ‘The glucose found the readily hydrolyzable sub- 
stances owes its origin glucane, well the most readily hydrolyzable 
amorphous part the cellular tissue 


The second stage the research was study the localization the var- 
fous substances the cell walls the methods anatomic research and micro- 
chemical reactions [21,22]. 


therefore took two samples sawdust: the original sawdust fron 
resin and tanning agents) and the sawdust after 1000 hours extraction 
hot water (65% the substances the anhydrous wood having been dissolved). 
these samples measured the width the cellular cavities and the width 
the bordering pores. Completely measuring the mechanical (libriform) fibers 
involved previous maceration breaking down the intercellular substance boil- 
ing with strong and potassium chlorate, followed washing the 
macerated sawdust with water. 


Measuring the width the hollows the mechanical fibers and their over- 
all diameter the middle their wide section was done magnification 
500 times, with accuracy 0.01 mm. The mean values were taken parallel 
measurements (the deviations between individual measurements were insignificant). 
Microphotographs were made various sawdust preparations. 


The extracted and macerated sawdust had fibers that were much thinner then 
those the original sawdust. high magnifications the thickness the walls 
the mechanical (libriform) fibers readily visible these same macerated 
sawdusts. the original sawdust, the libriform walls thick, while the in- 
terior cavities are comparatively narrow (Fig. [see 


Table 


Comparative Data the Decrease Cell Wall Thickness After Extraction 
With Water 


macerated) 


Sawdust after extrac- 
tion for 1000 hours 


Dimensions cell walls, 
with water 


Mean cell width, including cavity ......... 


1.16 
Mean cavity width ............ 0.79 
Meen thickness walls (difference) .... 0.37 
Decrease thickness walls from 


the extracted sawdust (Fig. [see plate, page 495] and Table 6), the 
walls the mechanical fiber have become considerably thinner. The diameter 
the slitlike and bordering pores has increased considerably. degree which 
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the constituent substances have been washed out the celi walls after prolonged 
extraction with hot water indicated more accurately our measurements and 
chemical analyses. 


Our measurements the overall thickness the mechanical fiber cells to- 
gether with their cavities and the thicknesses the walls separately demon- 
strated that the mean thickness the two cell walls combined was inthe 
original sawdust, while was more than the sawdust after 1000 hours 
extraction with water. Hence, the walls the extracted sawdust had grown 
72.5% thinner. The circumstance that the diameter the cell cavity had like- 
wise increased considerably the extracted sawdust against 
the original sawdust) also worthy note. see, therefore, that the ex- 
traction the constituents takes place the internal layers the cell tis- 
sue well its outer layers. 


was impossible make cross section the sawdust order 
trace the localization the individual substances the cell walls more closely 
employing microchemical reactions, extracted oak chips for time with 
hot water. 


The chips were prepared from the same sample chips 
being taken separately from the heartwood and the sapwood. After the sample chips 
had been freed their resins and tanning agents, some the chips 
ted for 600 hours 100° with water, using reflux condenser, the wate. 
changed every hours. The served the raw material for 
tive investigations. 


‘Chemical analysis the heartwood and sapwood chips original chips and 
chips after 600 hours extraction with water) was performed the same meth- 
ods those described above for the analysis the sawdust. The results 
the analyses the chips are listed Table As.we see from this table, 
49.4% the substances the heartwood chips and 52.1% those the 
dissolved after 600 hours extraction with hot water. 


The mean ultimate analysis the insoluble chip residue- was close the 
ultimate analysis the original chips. The individual constituents the 


wood entered solution various confirming the results obtained with 
the sawdust. 


see from Table that 95% the uronic acids the original 
chips dissolved from both the heartwood and the sapwood after 600 hours ex- 
traction with water, the corresponding figures being 75-76% for the 
52-55% for the lignin, and only 15-13% for the cellulose. 


The localization the individual constituents the cell was studied 
cross sections the chips. The microphotographs Figs. and (see plate, 


page 495) are cross sections the sapwood the original: state and after ex- 
traction, 


These microphotographs clearly show the the structure the sap- 
wood after prolonged extraction with hot water. the original sapwood (Fig. 
the mechanical (libriform) fibers constitute interlinked network, with rel- 
atively blurred intercellular whereas the cells the mechanical 
fibers seem fall apart the sapwood that has been extracted with water (for 
600 hours), each cell possessing its isolated external wall. 


When the original samples heartwood and sapwood were stained with 
chlorofodide, the whole preparation turned yellow (lignin reaction); after 600 
hours extraction, however, the heartwood and the sapwood were stained violet 
zinc (cellulose reaction). This again proves that part the 
lignin the original oakwood lies the intercellular substance, well 
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Change the Chemical Composition Osk and After Pro- 


Prolonged Extraction with Water 
‘Original oakwood chips after 600 hours Loss the individual 
chips (with resin extraction with water constituents, 
Analysis and agents their content the 


ginal sub- sub- 
residue stences jstances 


Loss weight 
chips after ex- 
traction with wate 


Anhydrous residue 


Ultimate anal- Almost 
ysis, 
Kirschner cellulose, 

free pentosans.. 15.5 
Lignin (with 64% 

Pentosans, corrected 

for uronic acids 76.0 
Methylpentosans .... 82.5 80.9 
Uronic acids (in 

terms the glu- 

97.2 95.8 
Methoxy groups 

Detachable methoxy 

88.8 
Acetyl groups ...... 83.4 92.5 


101.1 


and more superficial (secondary) layers the mechanical cells. 
ter part the lignin hes been removed (50% the original total), the cellu- 


lose predominates, the deeper-lying being protected the whole mass 
secondary cellulose layers. 


Figures and (see plate, page 495) are tangential 
sections the sapwood, originally and after extraction. 


the tangential section the sapwood that has undergone 600 hours 
extraction (Fig. see the ruptured cells the medullary rays (dark areas), 
the thinned and ruptured (in spots) cell walls the libriform, and the nearly 


absence the The tangential section the original 
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The totalmethoxy groups were not entered into the sum total, part them the 


heartwood (Fig. however, shows the parenchyma, the whole cells the 
medullary rays, and the rather well-shaped rows 


The investigation the localization the various constituents the 
cell walls the wood was done the chair plant physiology anatomy 
the Acadeny Forestry, with the active participation Asst. Prof. N.L.Kosso- 
vich and Laboratory Assistant that chair, whom 
are deeply 


SUMMARY 


The prolonged retreatment with boiling vater 100° results 
the formation large quantity water-soluble substances. The following 
percentages the sawdust entered solution the resuit hydrolysis: 
32.0% after 100 hours; 51.5% after 500 hours; and 65.6% after 1000 hours. After 
600 hours, 49.4% heartwood chips dissolved, and 52.1% sapwood chips, 


the ultimate analysis the wood reSidue that was in- 
soluble water and the mean composition substances dissoived the 
water the result hydrolysis has shown these ultimate analyses are 
hardly different. This may lead one the incorrect conclusion that the wood 
enters solution sort uniform complex. 


was found, however that the various substances wood disscive 
very different rates during mild aqueous hydrolysis. The pentosans and 
acids dissolve fastest, lignin dissolving more slowly, and cellulose 
very much more slowly. After 1000 hours extraction with water, were able 
dissolve 90% all the pentosans present the wood, 95% 


the uronic acids, 75% the lignin, and only 35% the cellulose. 


These figures prove that lignin exists wood substance possess- 
ing its properties and containing higher percentage carbon (64-66% 
than the carbohydrates. the wood did not contain aromatic lignin, would 
impossible obtain hydrolyzate with nearly the same average ultimate anal- 
ysis (49.9% and 6.14% after mild aqueous hydrolysis the original wood 


The wood carbohydrates largely enter aqueous solution polymer forn. 
After additional hydrolysis with sulfuric acid the reducing power the aque- 
ous hydrolyzates was increased factor 4-5. 


Xylose the predomirating sugar the aqueous hydrolyzates oakwood; 
also found that they contained traces galactose and arabinose. mannose 
was found all oakwood. 

The percentage readily hydrolyzable reducing substances wood 
hydrolyzates drops gradually the water extraction repeated, only traces 
these substances being left after 500 hours extraction. 


Anatomical investigation ard microchemical cross sections 
have shown that the prolonged extraction with water involves intensive leaching 
out the constituents the wood, not only the surface layers the 
But also considerable degree the internal portions the cells well. 
Measurements the libriform have shown that its walls had grown 72% thinner 
after 1000 hours extraction with water (the cell cavities, the other hand, 


growing wider) than the walls the libriform cells that had not been 
with water. 
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preceding report set forth the results our the 


establish the temperature limits within the crystal hydrates 
monomagnesium phosphate can exist when contect with phosphoric 
plotted the following isotherms: 10, 50, and 58°. shall see below, 
invariant points with three saturated solid the bottom occur 


PERIME NTAL 


isotherm investigated this isotherm concentrations ranging 
1.3 63.7%. Our results are listed Table and shown Fig. 


TABLE 
MgO System. 50° Isotherm 


lization Solia phases 


‘ Ps 
= 
. . 
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riun with the solutions. 


figure shows, the isotherm consists the following saturation branches: 
phosphate trihydrate saturates the solutions containing its 
branch coinciding with the corresponding branches for the and 80° isotherms. 
This followed short branch representing saturation with 
phosphate extending from 37.3% 41.8% The branch represent- 
ing monomagnesium phosphate dihydrate extends from 41.8% 57.5% the 
region higher concentrations, anhydrous dimagnesium phosphate equilib- 


. 


Fig. Extrapola- 
tion the invar- 
point. 


°C; B-% 


~ 


When this with the isotherms for and 80° find 
that the region which the monomagnesium phosphate tetrahydrate exists has been 
shortened considerably; the other hand, the branch for the crystallization 
monomagnesium phosphate dihydrate has increased perceptibly, contrast with the 
and 80° isotherms. The respective figures are compared the following table. 


The shortening the tetrahydrate branch was natural, since the rise 
temperature evidently ought entail increase the dehydrating action the 
Phosphoric acid upon the crystal hydrates the monomagnesium phosphate. 


The approximate temperature and composition the invariant point with 
three saturated solid phases: can 
found extrapolating the data cited. see Fig. linear extrapola- 
tion gives the temperature 58° and the concentration 40%. Above 58% 
the isotherms the MgO system must consist the saturation 
branches and which agrees with the dir- 
ect investigation the 80° isotherm,[1]. 


58° Isotherm. fix the temperature and the composition the liquid 
phase the invariant point Asge, above which phosphate tetrahydr- 
ate longer stable equilibrium with phosphoric acid solutions, made 


- 
Bay 
4 Aa ‘ 
- 

aie 
: 
. 
. 


the appropriate experimental determinations. Large excesses phos- 
phate tribydrate and monomagnesium phosphate tetra- and dihydrates were added 
solution containing about and 9.5% MgO. The was agitated 


Once equilibrium was was carefuliy checked means repeated 

samples taken from the liquid phase and microscopic examination the 
found that all three the solid phases introduced into the vessel were 
present the bottom. Therefore, the figures obtained rough 
coincided with ‘the results direct experiment: 58° actually the temperature 
the invariant point with the solid phases: 


equilibrium composition the solution this point given the 
following data: 9.5% MgO and 38.5% Pa0s.. 


Interpolating between the 50° and 80° isotherms, found that the the junc- 
tion point where the 58° isotherm meets the solid phases: 
the solution contains 4.5% MgO and 58% also determined 
several other intermediate points along the lines saturation the anhydrous 
monomagnesium phosphate and its dihydrate interpolation. for the branch 
representing saturation with dimagnesium phosphate, almost certain that 
practically coincides with the corresponding branch the 25, 50, and 80° iso- 
therms, where this coincidence has been proved experimentally. 


The and interpolation values are listed Table while the 
58° isotherm plotted Fig. 


MgO P20s System. +58° Isotherm. 
Percentage Per cent 
Points jweight neutral- Solid phases 
tion ization 
4.6 16.8 96.4 


10° Isotherm. Comparison the 80, 58, 50, and 25° isotherms discloses 
interesting peculiarity the system question. will shown below, the 
P20s concentration range within which monomagnesium phosphate dihydrate 
equilibrium with the solutions diminished wnen the temperature be- 
low 58° well when raised above that point, which might have been ex- 
pected. 


The foregoing becomes particularly obvious when examine Fig. where 
these concentration ranges are plotted function temperature. The graph 
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with phosphoric acid solutions. 


upper limit, where there in- 
variant point with the solid phases: 
this temperature the regions saturation 
the dimagnesium phosphate and the anhydrous 
monomagnesium phosphate adjoin each other; 

and lower limit, where there in- 
variant point with the solid phases 
this point the regions saturation the 
tetrahydrate and the anhydrous monomagnesium 


isotherm. 


phosphate must direct contact with each other. 


dissociaticn pressure the system: 


shows that the dihydrate branch longest the invariant temperature 58°. 
The perceptible shortening the dihydrate branch either side 48° forces 
assume that there are two limits between which salt stable equi- 


Fig. Extrapolation 
the invariant point. 


The existence the upper limit quite natural. the temperature 
raised, point must reached which the vapor pressure the saturated water 
vapor above the phosphoric acid solution, which equilibriun with the anhyd- 
rous phosphate and its dihydrate, attains value that equals the 


Above this temperature the dihydrate longer stable when 
contact with the phosphoric acid solution, and the branch representing the 
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anhydrous monomagnesiun phosphate intersects the phosphate branch dir- 
ectly. 


What unusual the presence the lower limit, which corresponds 
equilibrium the two crystal hydrates and the anhydrous form the salt. 
have not come across instance this sort the literature. 
rule, change temperature results the successive hydration dehyd- 
ration the crystal hydrates, any given crystal hydrate not appearing (or dis- 
appearing) stable phase before its neighbor the scale crystallization 
water appears (or disappears). Moreover, this case, the order which the 


crystal hydrates monomagnesium phosphate appear the temperature gradually 
lowered follows: 


the curve Fig. demonstrates that the lower limit 


centration 59%. 


Per cent cent Per cent 


Solid phases 


checked these figures making experimental investigation the 10° 
isotherm. Our results are given Table and Fig. The point which 
the solution ought equilibriun with all three forms the monomagnesium 
polation, was plotted with especial care. The experimental results were good 
with the extrapolated value. The composition the solution the 


After prolonged agitation the thermostat, all the three phases: 
were found the bottom phase. 


Evidently, the saturated water vapor pressure above this solution the 
same the dissociation pressure for the systems: 
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The singularity this result forced make particularly careful in- 


vestigation the composition the solid phases the vicinity the invar- 
monomagnesium phosphate dihyd- 
rate was added solution 
containing about 57% and 
After three days 
had elapsed, all the dihydrate 
had been converted into the 
tetrahydrate, was proved 
the Schreinemakers residue 
method and microscopic ex- 
amination the precipitate. 
The dihydrate added solu- 
tion containing about 62% 
and 0.5% MgO, the other 
hand was converted into the 
anhydrous monomagnesium 
phate within three days (Table 


that the lower limit which 
the dihydrate can exist ac- System. 10° 
tually exists and that below 


each other. 


obtain further confirmation made investigation the isotherm. 


Isotherm. The results our investigation the MgO sys- 
tem are given Table and Fig. accordance with what has been set 
forth above, the isotherm consists three saturation branches: 
the bottom phase was proved microscopic examination and the residue method. 


The branch representing phosphate trihydrate was plotted 
the range 6.5 29.5% the latter concentration reach the junc- 
tion point where the solution saturated with two salts: 
the interval from 29.5% 58.4% the solutions were 
saturated with monomagnesium phosphate while higher phosphoric 
acid concentrations the anhydrous monomagnesium phosphate equilibrium with 
the solutions. has thus been demonstrated direct experiment that 
tion points actually exist below 10°, which the solution equilibrium 
with the anhydrous monomagnesium phosphate and its tetrahydrate (Fig. 6). 


130° Isotherm. Extrapolation the curve Fig. yields the approximate 
location the invariant point where the monomagnesium phosphate dihyd- 
rate longer equilibrium with phosphoric acid This extrapola- 
tion shows that this point, with the solid phases 3H20 


extrapolation justifiable only the hydration the 
phosphate 130° the same lower temperatures. Graham and Schiffer 
have pointed out [2], when dimagnesium phosphate trihydrate heated the 
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TABLE 


neutral- 


TABLE 


Per cent Per cent neu- 


0.8 93.3 
10.6 
9.6 39.4 85.8. 


Per cent weight 


solution 
P20 


Solid 


&. 5 
absence solution, loses its crystallization water only 170°. may 
with the phosphoric acid solution 130°. follows that the polythermal curve 
demarcating the saturation regions dimagnesium phosphate and monomagnesium 
phosphate dihydrate continuous 130°. Extrapolation indicates that the 
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composition the solution the point MgO and 54.0% 


likewise found the compositions the solutions along the 

and branches extrapolation (Table 5). The 130° isotherm shown 

Polytherm the ternary system MgO Once possess the solu- 


tion compositions the junction points the following isotherms: 10, 25, 
50, 58, 80, and 130°, can plot the complete polytherm the H20 
system over that temperature range. The vertical projections the polytherm 
plane, where the saturation re- 
gions are not superposed each 
other, the clearer the two. 
the vertical projection the 
plane, the regions 
the crystal hydrates 
monomagnesium phosphate are 
shown against the 
the dimagnesium 
hydrate's region. This region 


nearly flat and perpendicular 
practically coincide within the 


temperature range investigated. 


SUMMARY 


The 10, 50, 58, and 130° isotherms the ternary system 
H20 have been plotted experimentally, well and extrapola- 
tion, being found that dimagnesium phosphate crystallizes out phosphoric 
acid solutions the 0-130° temperature range the crystal trihydrate. 
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The monomagnesiun phosphate exists the form two cryst hydrates: 
and and the anhydrous salt this 
same temperature range. 


The upper limit which the tetrahydrate stable 58°. The dihydrate 
stable equilibrium with the solution from 130°. The anhydrous salt 
stable throughout the investigated temperature range. 


Three invariant with three solid phases the bottom, have 
been found between and 130°; the compositions the liquid and solid 
these points given Table 


The data obtained have been used ‘plot the polytherm the 
H20 system from 130°. 
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KINETICS THE ABSORPTION CARBON DIOXIDE SOLUTIONS 


SODIUM HYDROXIDE HIGH-SPEED PROPELLER AGITATOR 


Laboratory Physical Chenistry, Kishinev State 


many research papers devoted study the absorption processes that 
involve chemical reactions, apparatus employed which the absorption process 
takes place under conditions that are far from those employed industrially. The 
apparatus often fitted with agitator that provides very weak 
which the surface separation remains mirror-smooth. Such process conditions 
are quite artificial, however, since industrial ebsorption installations the 
process carried out with stirring the separation surface well the 
entire volume. For this reason, there little justification for the application 


the laws found govern these artificial setups actual industrial pro- 
cesses. 


The present paper report research the process absorbing carbon 
dioxide solutions sodium hydroxide, using high-speed propeller,agitator. 
The surface separating the phases was kept constant the various tests using 
the method worked out Kishinevsky and Pamphilov [1], based keeping the solu- 
tion viscosity constant combined selection the temperature and con- 
centration. This method eliminates the need for knowing the magnitude the sur- 


face separation and makes possibie study system under any desired hyd- 
rodynamic 
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The carbon dioxide was absorbed alkali solutions the cylind- 
rical propeller agitator made steel and immersed the water thermostat 
The temperature was kept constant within +0.05°C 40°C and within 
from 70°C. The agitator was equipped with diffuser with four 
longitudinal ribs prevent the formation eddies high propeller speed. 
The propeller, located the lower section the diffuser, forced the liquid 
upward four symmetrical streams into the spaces between the ribs. 


The source the gas was the tank from which the gas passed through 
three wash bottles containing strong sulfuric acid and buffer bottle 
before reaching the agitator. Prior every whole system ahead the 
agitator was subjected careful checkup. The agitator itself was separately 


blown out before the motor was on. The conditions remained the 
same for all tests. 


The float the open elbow the gas buret was attached needle 
which recorded the rate which vacuum formed soot-covered recording 
cylinder that was rotated synchronous moter speed 


The accuracy the adopted method recording the rate was tested 
cinematographic method; the rate which the meniscus the sealing liquid 
the open elbow dropped was photographed film speed frames per second. 

TABLE 
Absorption NaOH Solutions 1800 Propeller Rpm 


the NaOH NaCl solutions corrected for 
sure atm pressure atm 
0.068 
0.40 0.096 
0.90 0.142 
1.60 
1:96 0.206 
2.60 
2.96 
0.271 
0.283 


600 solution was poured into the agitator. large quantity 
sorbent the rate which vacuum was produced remained constant for 
period time that exceeded the period during which the rate was recorded 
the rotating cylinder, even concentration 0.1 This made 
unnecessary extrapolate the rate back the start. 


The temperature and the solution concentration were chosen 
the viscosity constant through the tests 1.20 centipoises. 


Conversion the readings the recording device into moles/min ab- 


sorbed was done the basis the the gas the 
system, and the outside pressure. 


Two series tests were made. The first set was run 1800 rpm the 
propeller, the second being run 1200 


The results the first and second series tests are given Tables and 
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TABLE 
Rate Absorption Solutions 1200 Propeller Rpm 


the NaOH tempera- NaCl tion corrected for 

0.10 14.2 0.955 0.0470 0.0104 0.0109 
16.5 0.940 0.0399 0.0202 0.0215 
0.90 20.5 0.935 0.0316 0.0325 
26.9 0.926 0.0242 0.0454 0.0490 
30.5 0.917 0.0196 0.0502 0.0548 
2.60 35.0 0.903 0.0157 0.0578 0.0639 
2.96 40.0 0.894 0.0131 0.0618 0.0681 
46.1 0.875 0.0101 0.0677 
59.4 0.805 0.0047 0.0926 
6.04 69.5 0.741 0.0726 0.0980 


tration Solutions, moles/liter. NaOH solutions varying con- 

1-Experimental curve; 2-curve plotted centration propeller agitator 

1200 rpm. 


absorption 


1-Experimental curve: 2-curve plotted 

The listed data represent the mean 
values several runs. The error did 


The experimental data are the solid lines and 


EVALUATION RESULTS 


These experimental results were worked the basis the equation put 
forward Kishinevsky for the kinetics absorption absorption processes that 


: 
« 
- 
é 
2 
a 
4 


the process under study ‘the involved the second 
order. The concentration free molecules the gas the surface layer may 


speed. 


know the size the phase separation surface during 
the experinental data are referred the overall surface separa- 
tion, that Equation (1) rewritten 


where the rate per unit time; the stoichiometric 


ficient the reaction; the concentration the chemsorbent; the part- 
pressure the absorbed gas; the solubility the gas; the period 
during which the surface renewed; the specific reaction 
dynamic constant the liquid phase: the constant 


the liquid phase, equaling the linear velocity mass flow normal the sur- 
face separation. 


The applicability Equation (2) the data 1800 
propeller rpm was confirmed computing the activation energy the reaction 


carbon dioxide and hydroxyl ions. 


hydroxide, which factor Equation (2), unknown, employed the values 
for sodium chloride solutions corresponding concentrations. ob- 
vious that this must result increasing discrepancies the concen- 
tration sodium hydroxide increased. The upper concentration limit which 
this assumption still permissible was established comparing the experimental 


curve the absorption rate recorded Kishinevsky and Pamfilov using 


intensive agitation apparatus 400 rpm, with the curve showing the rate this 


process, calculated from Equation (2) the basis the hydrodynamic 


The perti- 
nent data are listed Table and shown graphically Fig. 


rate sorption was calculated follows. first determined the 
ing temperature (we shall henceforth denote this product from the experimen- 
tal value the absorption rate the given concentration and the experimental 


values the hydrodynamic-constants and Vo. The values for other tem- 
peratures were determined from the equation 
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TABLE 


Agitation Apparatus 400 rpm 


rate, 
gram-equiv/liter|ture, partial pressure 
atm 


the value the energy was taken equal that found the 
authors the intensive-agitation apparatus 400 rpm. 


The absorption rates other temperatures and concentrations were 
from Equation (2), all the 
meters were now known. 


see from Fig. the discrep- 
ancy between the experimental abs 
retes those computed the 


tration. 
rate, moles/min.; sol- 
concentration, moles/liter. 1-Experi- 


pressure atm; solutioa concentration, 


described above begins the concentration 2N. Thus, 
this concentration, the solubility carbon dioxide hydroxide solutions 
practically the same its solubility solutions sodium chloride. This 
justifies the computation the activation energy from Equation (2) con- 


centration using the values the solubility carbon dioxide solutions 
sodiun chloride. 


compute the activation energy from the data our run 
1800 propeller rpm, began calculating the constants and 


determined the assumption that approaches limit the 
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57.0 0.857 0.005 0.125 0.122 
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concentration and temperature increase. Inspection the equation mass trans- 
fer the gas phase: 


that the existence this depends upon the ap- 


TABLE 


and Calculated Values the Vonstant 
Solution con- 
centration 
temperature, 


0.06 
the expressed 1.96 30.5 


0.188 0.190 
degrees the absolute 
e. 


Graphical yielded the value 0.283 


The hydrodynamic constant the liquid phase was determined from Equa- 
tion (2) for zero concentration portion the absorbent. The equa- 
tion then takes this form: 


which all the variables are known with the gave 
1.26 liters/min the value Vg. 


The constant was computed from Equation (2). values are listed 
Table shows the variation log with 


The activation energy, calculated the method least squares, proved 
13,200 cal, which complete agreement with the data given the paper 
Kishinevsky and Pamfilov and with the results direct measurement. 


There can therefore hardly any doubt about the applicability Equation 
absorption processes taking under conditions that 
existing the propeller agitator 


were also interested ascertaining the departure from the experimentel 
curve involved using values the solubility NaCl solutions com- 
pute the rate absorption solutions concentrations excess 
2N. The values required for this purpose were calculated from Equation 
(3), assuming the activation energy 13,200. Our results are listed Table 
These results are represented the dotted line Fig. The individual 


points are denoted triangles. The agreement between the experimental and the 
computed curves quite satisfactory. 
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view the high turbulence that present the tests 1800 propeller 
rpm, also wanted ascertain whether the process could the 
following equation: 


inasmuch this equation the same Equation (2) when the time required 
for renewal the surface layer, small. 


Comparing Equation (6) with Equation (2), fina, after resolving the 
ponential series down terms the first order inclusive, that: 


where reaction between carbon dioxide and hydroxyl 


The values the absorption rate, computed (6), are 
Table and are shown the samll crosses Fig. The good agreement 
tween the values the absorption rate computed from Equation (6) with the 
experimental values indicates that possible employ this equation cal- 


culate the processes taking place under the conditions prevailing 
the propeller agitator 1800 rpm. 


The correctness Equation (2) was also borne 
from the results the following experiments. The rate absorption the car- 
dioxide was measured 26.4° for two concentrations sodium hydroxide, 

0.36 order ensure identical hydrodynamic conditions the 
two tests, constant viscosity was achieved preparing the 0.36 solution 
aqueous solution glycerol. made possible the constant 
solving Equation (2) and obtain function The second 
tionship between the constants and was provided the rate absorption 
pure water, exponential terms being excluded because The determination 
thus boiled down solving system two equations with two unknowns. 


For the solution with concentration (and glycerol): 


0.110 
for the 1.55 solution: 
and for pure water: 


Solving these equations yieldea 


value should compared with the value determined from 
the dotted curve Fig. inasmuch the dotted curve the process 
taking place when the solubility carbon dioxide sodium hydroxide and 
sodium chloride the same. The determination the present method was 
based upon the same assumption. Using the dotted curve, find 0.26 
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the same method was previously used for the curve. 


ways further confirmation Equation (2). 


The experimental data secured 1200 propeller rpm were likewise worked 
Equation (2). The values Bg, 0.100 atm, and Vg, 0.165 liter/ 
min, were determined the method described previously. The values computed 
fron (3), the initial value being that found from the experimental 
data for 16.5°C, are listed Table same table gives the rates 


Coefficient 


Somewhat greater discrepancy is. 
this test. Equation (2) was de- 


Equa- 


temp., 
tion (3) 


rived upon the assumption that 0.1 14,2 0.0108 
solubility the gas the 0.90 20.5 0.0345 
surface layer remains constant 1.60 
during the period the latter's 1.96 30.5 0.056 
renewal. increases, this 2.60 35.0 0.064 
assumption becomes more 2.96 40.0 0.068 
3.60 46.1 0.071 


compute the degree neutraliza- 
tion the surface layer in- 

tion rate the exponential expression. Computation yielded the following values 
the degree neutralization under various hydrodynamic conditions 
perature 16.5° and concentration sodium hydroxide the solution: 
0.065 the intensive-agitation apparatus 800 rpm; 0.100 the intensive- 
agitation apparatus 400 rpm; 0.23 the propeller 1800 rpm; and 
0.46 the propeller agitator 1200 rpm. 


SUMMARY 


The absorption carbon dioxide solutions sodium hydroxide 
propeller agitator high rpm has confirmed the correctness the equation for 


the kinetics absorption 
based the concept the transfer substance mass flow. 


The experimental data obtained investigation the absorption 
process the propeller agitator have been used calculate the activation 
ergy the reaction between carbon dioxide and hydroxyl groups. 
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STUDY THE SEPARATION THE ISOMERS XYLENE ADSORPTION® 


- ae 


- 


T..G. Plachenov and Kuzin 


The adsorption method separating substances similar structure and pro- 
perties widely employed laboratories and industry the present 


The introduction adsorption methods into laboratory and industrial tech- 
nology has been occasioned the circumstance that many instances impos- 
sible separate natural or.synthetic mixtures any other way, else their 
entails high losses valuable substances. 


Commercial xylene example such mixture. impossible re- 
pure isomers xylene from its industrial mixtures means rectifica- 
tion Rectification, best, yields fractions that are enriched with one 


isomer another, being somevhat easier secure fractions that 
with o-xylene. 


‘Whenever pure isomers are they are prepared are 
isolated from industrial xylene chemically. 


difficult, practice, isolate the isomers xylene from indus- 
trial xylene even chemical the 
method contains other isomers xylene. 


The cryoscopic method recovering the isomers xylene from their 
trial mixtures ineffective since entails repeated crystallization 
temperatures and gives extremely low yield the pure isomers. 


have found only one paper the literature dealing with study the 
separation mixture ortho- and metaxylenes adsorption The 
reports that impossible achieve even partial separation this mixture 
the adsorption method. The author the paper question reached this con- 


clusion the basis limited experimental data, however, and his conclusion 
not very convincing. 


The objective the present research has been exploration the feas- 
ibility separating the isomers xylene the adsorption method. 


EXPERIMENTAL 


the first section our research made study the adsorption prop- 
ertles porous adsorbents, testing vapors xylene isomers and ethylbenzene and 
mixtures the two. The following were used porous adsorbents: BAU indust- 
rial charcoal; TUTs-10, charcoal produced from peat the laboratory; and in- 
dustrial silica gel ferrogel, prepared the laboratory. 


research was begun under the guidance Prof. 


é 
: 
oR 
. 
44 
7 
: 
- 


Table contains data the porosity the charcoals used our re- 
search, The volume the charcoal pores was determined the Dubinin and 


The xylene isomers were purified before their adsorptibility was tested; 
the ortho- and paraxylenes were refined distillation and desiccation above cal- 
cium while the metaxylene was refined sulfonation and hydrolysis with 
-sulfuric acid the Kizhner method treatment with dilute nitric 

remove the traces ortho- and The boiling point, specific 
gravity, and were determined for all the purified isomers. 


Adsorbent 


Laboratory charcoal 
TUTs-10 
BAU eceeeeeersescececes 1.51 1.11 0.40 0.23 0.17 


Note: total pore volume; the macropore volume; the 
overall volume adsorbing space; the micropore volume; ari 
the transitional pore volume. 


Properties Initial Xylene Isomers 


Isomer 


Orthoxylene .... 
Metaxylene ..... 
Paraxylene ..... 
Ethylbenzene ... 


1.5011 
1.4942 
1.4928 
1.4951 


The properties the initial xylenes are listed Table 


The isotherms the adsorption orthoxylene, metaxylene, and ethylbenz- 
ene vapors activated charcoal and gels were plotted Dubinin thermostat 
device The temperature the thermostat was kept 0.5° means 


The retentivity the charcoals and gels 20° was tested passing air 
through layer adsorbent saturated with vapors the xylene isomers for 
hours at.a rate liter/cm*/min, the test being run higher temperatures 
passing carbon dioxide through the charcoal layer the apparatus pictured dia- 


The carbon dioxide flowed from the tank (1) through the reducing valve (2) 
the buffer bottle (3) and then the flow meter (4). From the flow meter the 
gas passed through Tischenko bottle (5) the porcelain tube (6), heated 
coil nichrome wire. The which the carbon dioxide was heated 
was regulated the (7). The gas, heated 200°C, entered the Pyrex 
(8) containing saturated with xylene. The dynamic tube was heated 
250° external coil nichrome wire. The temperature was controlled 
the rheostat (7') and measured the angle thermometer (9). The xylene vapor 
entrained the carbon dioxide passed through the condensers (10) and then through 


458 


ome 
760 Hg, index Per cent impurities 
0.8801 
137.8 0.8620 
136.2 0.8651 


the worm condenser (12), 

acetone and dry ice ina 

Dewar flask.(13). From the 
worm condenser (12) the 
stream carbon dioxide 
passed through tube con- 
taining (14) 
effect final elimination 
the xylene vapor. The con- 
densate was collected the 
receivers (11) and 


The adsorbent was sat- 


the apparatus illustrated 
Fig. Air from the line Fig. Apparatus for investigating the re- 
entered column filled charcoals and gels. 


with absorbent cotton (2) 


free from oil and other valve: 3-buffer bottle; meter; 


filled with activated char- 


anic impurities and part its moisture were eliminated. From the (3) the 
air passed through apparatus containing sulfuric ecid (4), buffer bottle (5), 
tube silica gel impregnated with calcium chloride (6), where was 
further desiccated, and tube (7) filled with alumina gel. The quantity ary 


air was measured the flow meter (9). The air pressure the system was regu- 


- 


Fig. Apparatus for saturating the absorbent with xylene 


bottle: 6-tube containing silica gel; 7-tube containing alurim 
meter: 10-stopcock: 12-flow 13-goosencck flask; 
15-adsorption tubes, 16-Drexel bottle. 


lated means the clamp After through the flow (9), the 
air was divided into two streams. One current air passed the stopcock 
(10) and the flow meter (12) into the gooseneck flask (13), containing the xylene 
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mixture, while the other air current the (11) into the 
mixer (14). air passing through the gooseneck flask the xylenes 
was saturated with xylene vapor, after which passed the mixer. Thus 
secured the requisite concentration the mixer pessing the 
air through the gooseneck flask. From the mixer tre mixture passed 

the adsorption tubes (15) filled with the Adsorption was contin- 
ued until xylene began emerge from the adsorbent layer. The passage xylene 
was determined xylene reagent contained the Drexel bottle (15). 
xylene reagent used was sodium nitrite concentrated sulfuric acid. 


Drexel bottle was inserted into the line when the last layer adsorb- 
ent had been exhausted, was readily noted the adsorbent heating 
became saturated. The adsorption tubes, made Pyrex glass, 2.5 diameter 
and long, were connected together via ground-glass connections, that 
the length the layer could varied. There was glass screen the bottom 
each tube, which the adsorbent was poured. Angle thermometers, with scales 
reading from 300°, were mounted halfway the wall each tube measure 
the temperature when the xylene was desorbed from the adsorbent. The top each 
tube was covered with asbestos and wound with cotl wire heat the 
packing during desorption. 


The experiments with binary and ternary mixtures were run with the 
the adsorbent layer kept constant When mixture was 
investigated, the length the adsorbent layer was varied from 240 cm. 


saturating the adsorbents with the mixtures, had secure constant 


constituents the mixture when the liquid with 
air. 


The usual gooseneck flask was not employed evaporating mixtures xy- 

lene isomers, inasmuch the low-boiling the first vaporize, fol- 
lowed the mixture, and lastly, the high-boiling fraction. secure uniform 
composition the mixtures made use gooseneck flask [19]. Use 
this flask ensured uniform concentration the the mixture. 


The distribution the xylene isomers along the length the adsorbent 
layer during sorption their mixtures was determined desorption the 


xylene from the adsorbent layers and chenical analysis the de- 
sorbed from each layer. 


The composition the was the method (11), 
involving nitration the xylenes nitro derivatives and analysis the lat- 


ter; the experimental error involved this procedure totaled 0.5 1.0% the 
determination each 


The results determining the adsorption activity the silica 
gel, and ferrogel for vapors o-xylene, m-xylene, p-xylene, and ethylbenzene 
are given Fig. where the vapor concentration plotted along the axis 


abscissas per liter, and the adsorption the vapor along the axis ord- 
inates per cent. 


The change retentivity 20° with the structure the adsorbent 
shown graphically Fig. 


Table lists the results study the retentivity TUTs-10 charcoal 
for metaxylene vapor high temperatures. 


see from Fig. that the extent adsorption the xylene isomers and 
ethylbenzene may arranged the following order for all the adsorbents in- 
vestigated: orthoxylene paraxylene ethylbenzene. 


The retentivity the adsorbents depends the structure the adsorbent 
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may seen Fig. TUTs-10 charcoal retains 67-58% the originally ad- 
sorbed orthoxylene and 61-62% the original ethylbenzene, while the BAU char- 
coal retains 56-57% the orthoxylene and 55-56% the ethylbenzene. may 

the fact that the overall volume 

and 73.4% micropores, while the overall 

volume the adsorbing space the BAU 


Fig. Results determining the 


silica gel, and ferrogel for vapors Fig. retentivity 

o-xylene, m-xylene, p-xylene, ‘as function the structure the 
and ethylbenzene. adsorbent. 

the vapor; B-vapor concen- 

tration, gel; A-Retentivity various adsorbents, 

xylene; 3-paraxylene; Iv-silica gel. 1-orthoxylene; 2-metaxylene; 3-para- 


xylene; 4-ethylbenzene. 


charcoal contains 42.5% transitional pores and 57.5% micropores. 


The results our tests the desportion metaxylene from TUTs-10 
coal high temperature (Table indicate that the retentivity the charcoal 
drops 7-8.5% weight the charcoal temperature 200-250°. 
ing the desorption time from minutes results slight decrease the 
retentivity, that the 200-250° must regarded the optimum for 
desorbing the isomers xylene carbon dioxide. 


The adsorbed metaxylene completely desorbed when the resat- 
with metaxylene, the retentivity the charcoal remaining unchanged. 


The data our study the adsorption properties 
and gels for the vapors orthoxylene, metaxylene, paraxylene, and ethylbenzene 
would lead one expect that would possible separate mixtures xylene 


isomers the method porous adsorbents with large micropore 
volume. 


The order which the curves arranged each curve group the same Figs. and 
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TABLE 


Retentivity TUTs-10 Charcoal for 
Vapor 
Residual xylene, 

weight 
the adsorbed 


xylene, 
weight 
the charcoal 


Fig. Change the 
position the mixture 
function the length 

A-% the mixture; 


Length the Adsorbent Layer 


Analysis data 


3-36 
181.3 
BAU 5.070 181.2 
3 4.680 4.290 181.1. 
181.2 

Silicagel... 5.280 181.6 


181.8 


shed more light this question, made study the adsorption sep-. 


the following artificially prepared mixtures: metaxylene ethylbenzene; 


orthoxylene metaxylene; metaxylene paraxylene; and orthoxylene metaxylene 
paraxylene. 
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xylene isomers the phase, but requires large silica 


The adsorption and desorption mixture metaxylene and ethylbenzene 
was investigated, using TUTs-10 and BAU charcoals and silica gel. 


The results of. analysis mixture metaxylene and ethylbenz- 
ene are listed the change the composition the mixture func- 
tion the length adsorption layer being shown graphically Fig. 


When examine the distribution adsorption and the composition the 
mixture along the TUTs-10, BAU, and silica gel layers, note that the mixture 
enriched with metaxylene the first layers all the adsorbents, the final 
layers being enriched with ethylbenzene. The adsorption metaxylene the 
first layer higher for TUTs-10 than for The mixture the fourth 
layer enriched with 10% more ethylbenzene the TUTs-10 charcoal than the 
BAU. The composition the mixture the first layers the silica gel the 
same for the. TUTs-10 charcoal, but the fourth layer the mixture was enriched 
with 25% the initial ethylbenzene, this figure being higher 
than that for the TUTs-10 charcoal. This redistribution the constituents along 
the length the silica gel layer due the fact that half the silica gel 
layer operating low concentrations, and these concentrations the ethyl- 
better displaced the metaxylene. 


When compare the amounts adsorbed the TUTs-10 charcoal and 
gel, readily see that the amount xylene adsorbed the first two 
charcoal was close the maximum value, the last two layers having adsorbed 75- 
80% their equilibrium capacity the givén concentration, while the silica 
gel absorbed 80% the first layer, 60% the second, 29% the third, and 12% 
the fourth. Hence, silica gel may utilized for separating mixtures 


data lead conclude that finely porous, highly active 
charcoal should employed for separating binary, ternary, and quaternary mix- 
tures. used TUTs-10 charcoal for this purpose. 


The TUTs-10 charcoal was employed ascertaining the effect the follow- 
ing factors upon the degree binary mixtures metaxylene 


Length the Charcoal Layer 


sorbed Mixture grams 
3.138 181.6 
-1.0 5-073 3.965 181.3 
5.655 3.365 181.6 
3.022 5.692 181.4 
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TABLE 


the Charcoal Layer and the Rate Air Flow. 


Rate of. Per cent composition Analysis data 


5.753 3.383 181.8 


3.120 5.610 181.9 


the Charcoal Layer and the Initial Composition the Mixture 


Mixture grams. 


Per cent composition 


Per cent 
position jer 


Analysis data 


mixture No. Ethyl- nitrometaxy- nitroethyl- nitrometa- 

50% meta- 5.655 181.6 
benzene 3.022 5.692 181.4 
meta- 5.8 94.2 0.565 7.785 
xylene 95.1 0.481 7.837 
96% ethyl- 3.8 96.2 0.385 
benzene 2.7 97.3 0.263 
xylene 1.8 98.2 0.175 8.090 
98% ethyl- 0.8 0.078 8.167 
benzene 0.4 99.6 0.040 8.180 
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and the initial concentratiors the vapor the given mixture; 
the rate air and the quantitative the isomers the 


results these tests are listed Tables and and plotted 
Fig. 


mixture metaxylene and mixture metaxylene and ortho- 
ethyl benzene function xylene function the length 
the length the charcoal layer. the charcoal 
the charcoal layer, cm. Concentration charcoal layer, 
the air-vapor mg/liter; xylene. 


e 
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The data Table and Fig. indicate that the displacement 
ethylbenzene metaxylene depends upon the initial concentration the air- 
vapor mixture. 1.0 mg/liter, the fourth layer was enriched with 26% of- 
benzene, while the respective figure for mg/liter was only 


Our experiments have shown that the mixture enriched with more metaxy- 
lene the first layer and with ethylbenzene the last layer when the concen- 
tration mg/liter, before the onset capillary condensation, but sat- 
uration sets very slowly under these conditions. took hours for the 
80-cm charcoal saturated the emergence point concentration 
mg/liter. the saturation the same was complete within 

hours. 


The test listed Table demonstrate that the fourth layer the 
mixture enriched with much 70% ethylbenzene air-flow rate 
metaxylene the initial layers varied depending upon the rate 
air flow. may, therefore, conclude that the rate air flow has effect 
upon the displacement metaxylene during the saturation 
the charcoal. 


The data Table indicate that metaxylene than ethylben- 
zene all its concentrations the binary mixture, concentrating the 
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TABLE 


the Composition the Desorbed Mixture Function the 
Length the Charcoal Layer and the Initial Composition the 
Mixture 


50% orthoxylene 1€1.5 
3.600 5.360 181.4 

2.580 181.5 

1.200 181.5 

10% orthoxylene 0.960 8.580 181.5 
90% metaxylene 0.720 8.872 181.5 
0.500 9.165 181.6 


first layer the charcoal, while the ethylbenzene displaced the last 
The higher the percentage metaxylene the initial mixture, the greater its 
ability displace the ethylbenzene. 


The process involved separating mixture orthoxylene and metaxylene 
was investigated with TUTs-10 charcoal concentration mg-liter and 


specific rate flow 0.5/min/cm*. The results analysis the desorbed 
are listed Table the change the composition the mixture being 


plotted function the length the layer Fig. 


Our study the adsorption mixtures orthoxylene and metaxylene con- 
firmed our previous results the edsorption the individual isomers xylene 
and binary mixtures metaxylene and ethylbenzene. our tests indicated, 
orthoxylene adsorbed better than metaxylene the individual state; this re- 
lationship being preserved when mixtures the two are adsorbed. Orthoxylene 
concentrated the initial layers, the metaxylene, the less readily adsor- 
bed constituent, being forced back into the final layers. When mixture con- 
taining 50% orthoxylene and 50% metaxylene was adsorbed, the two constituents 
were distributed follows along the length the adsorbent layer: the concen- 
tration orthoxylene rose 59% the first layer, while that metaxylene 
rose 68% the last layer. These figures demonstrate that mixture 
orthoxylene adsorbed better than either metaxylene ethylbenzene. 


mixture meta- and paraxylenes represents the mixture xylene isomers 
that hardest separate, inasmuch these have physicochemical pro- 
perties that are nearly identical. The difference between the boiling points 
meta- and paraxylenes only 1°C, for instance, while their vapor pressures 
20°C differ only 0.5 Hg. ascertain the feasibility separating mix- 
ture this sort, ran tests its adsorption TUTs-10 charcoal. The re- 
sults our tests the adsorption and desorption mixture meta- and 
paraxylenes are listed Table and plotted Fig. 


When mixture containing 84% metaxylene and 16% paraxylene adsorbed, 
the isomers are redistributed along the adsorbent layer. the front end the 
layer the mixture contains much 89% metaxylene, while contains 
paraxylene the last layer. These experimental results indicate that mix- 
ture meta- and paraxylenes can enriched activated charcoal, whereas such 
mixture cannot separated practicably rectification column with 
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TABLE 


Change the Composition the Desorbed Mixture Function the Length 
the Charcoal Layer and the Initial Composition the Mixture 


the Mixture grams 


Composition of| Layer Analysis data 


Yield trinitro-! Melting point 
meta- and and Eutectic point, 
lenes, grams paraxylenes, 
94% meta- 9.685 180.1 
xylene 9.672 180.1 120.1 
para- 9.646 179.0 120.5 
xylene 9.595 178.0 121.0 
84% meta- 9.570 121.8 
Fig. Change the composition Change the composition 
mixture metaxylene and para- -of ternary mixture the isomers 
xylene function the length xylene function the length 
the charcoal layer. the charcoal layer. 
A-% composition the mixture; the the’ mixture; B-length the 


check our experimental results the sorption binary mixtures 
xylene isomers and ethyltenzene, ran tests the 
artificially prepared from pure isomers xylene. 


The results analysis the desorbed mixture are Table 10, the 
change the composition the desorbed mixture with the length the charcoal 
layer being show graphically Fig. 
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Charcoal Layer and the Initial Composition the Mixture 


composition 


ture weight. 


len urelorthoxylene end para- and para- 


mixt 


84% meta- 8.350 181.1 120.0 

enriched with orthoxylene, the final layer being enriched with 


were unable, however, isolate single one the isomers the pure 
state single-pass adsorption binary and ternary mixtures. must 
assumed that the individual isomers can isolated from xylene mixtures means 
multistage process and desorption porous adsorbents. 


SUMMARY 


Studies the adsorption properties charcoals, silica gel, and ferrogel 
for the vapors the xylene isomers and ethylbenzene well investiga- 
tion the effect the relative concentrations the xylene isomers the 
mixture and the rate flow upon the degree separation binary 
and ternary mixtures, have shown that mixture orthoxylene and may 
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MEASURING THE CHANGES THE SPECIFIC SURFACE DISPERSED 


Inasmuch the reactions many finely dispersed systems begin and develap 
the surface the reacting substances, highly important able 
estimate the specific surface and plot continuous curve particle distrib- 
ution according size 


The usual methods employed the technology the silicates: screening, 
settling water and taking samples, the and Robinson method, the 
pipet methods and air separation, are limited effectiveness and nc’ 
plot "distribution indicating the relationship between particle 
size and the percentages especially the region extremely fine 
fractions, below 0.5 


For the same reason, im- TAB 


ods make even cal- 
culation the specific surface, Clay Function Particle Size 


which grows ever more rapidly the 
particle size diminishes. 


The specific surface (S) 
Prosyanovsk kaolin, for example, 
for particles with radii 
for particles with radii 0.005 


The increase the magnitude particularly apparent begin 
allow for the increasingly small dimensions particles such lamellar material 
Chasovyar clay (Table 1). 


Particle radius 


face, 


The value the specific surface governed chiefly the presence 
particles less than diameter. 


the limiting particle size photographs the clays under the electron 
micrcscope did not indicate the presence any perceptible quantity particles 
that size. may noted that particles this size (50 are readily vis- 
ible the microphotographs. The resolving power electron microscope would 
enable see even smaller particles they were actually present percept- 
ible amounts the clays. have examined photographs this sort the papers 
Eitel and Schusterius [2], Marchall, Chumbert and assoc. [3], and Ardenu, 
Endel, and Gofmann 


The methods determining from the air penetrability, which can used 


i 
. 
- 
¢ 
° 
= . ] 
4 
¢ 
- 
# 


for homogeneous particles form (cement), does rot reproducible 
results wnen applied heterogeneous mixture particles. most which are 
flaky form (clay and many ceramic materials) 


The methods based upon the adsorption vapors, gases, any indicators 
disperse medium often require complicated apparatus high vacuum and 
results that differ considerably for the same materials. 


The methods determining the specific surface clays from the change 
the concentration the sorbed medium from the heat adsorption not yield 
comparable results owing the fact that the amount medium absorbed the 
heat evolved governed the nature the sorbed substance well that 
the sorbing substance. impossible, therefore, assert that the benton- 
ite reading for the sorption of, say, octane, better value the 
specific surface than that obtained from the sorption water vapor, 290 


From the adsorption and ions Chernikova 
has computed its surface 1300-1390 [6]. 


rule adsorption methods make possible estimate the 


ific surface the outer surface the particles plus the surface the pores 
within the particles. 


For some technical purposes, however, such studying the caking part- 
icles where they touch, not much the total 
pores within the particles), the outer surface that importance. For this 


purpose methods determine compare the external specific 
faces particles would more desirable. 


Methods that allow for the surface the particle pores would special 
importance for sorption processes, for investigations the cleavage the syn- 


thesis organic molecules means inorganic contact agents, and for 
tions that take place the gas phase. 


evident that these two different groups processes should con- 


sidered separately, each case using the appropriate methods for 
the specific surfaces highly disperse 


Inasmuch disperse silicate are processed (ground) water 
until they are well retain water the phase which the 


dimensions the particles clays, ceramic masses, slips, and sludges are meas- 


method measurement accordingly sedimentation, using Stoke's 
Inasmuch balances are among the most precise instruments our disposal, 


The method, which thin glass pointer acts spring, also 
serving balance beam with unequal arms very popular; the end this 
point there hung minute glass cup holding the settling suspension liquid 


medium [7]. The deflection the end the glass pointer the weight the 
cup increases read off means microscope. 


our investigations finely ground inorganic suspensions, 
the Figurovsky glass spring, though abandoned later, working out what 
considered more convenient method employing balance (made 
the Kiev factory) ‘ordinarily used measuring the surface tension liquids. 

This variant the balance method (Fig. convenient for several reasons: 
enables one plot continuous sedimentation curve; does not tire the eyes, 
does not require readings means microscope; yields reproducible 
results; and makes possible keep the settling height practically constant. 
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The deflection the balance beam and down the order 0.5 mm, owing 
the attachment two stops where the beam emerges (Fig. 1). The sedimenta- 
tion pan made nickel-plated copper (or brass) foil 0.1 thick, 24-27 
diameter, and with rim 1.5 high. Its weight water mg, to- 
gether with the lacquered copper wire 0.1 dianeter. 


used several such balances, with capacity gram, making parallel 
tests. 


Sedimentation took place ina glass cylinder 60-80 diameter. The 
settling height, reckoned from the level the suspension the bottom the 
constant, usually amounting 12.5 cm. 


The suspension the cylinder was stirred the stirring rod made 
sheet rubber with notches cut into it, attached glass rod. 


The determinations were made follows. The stop was released, and the 
pointer was set the zero point 

means the adjusting screw the back 
the balance. The stop was relocked and 
the cylinder containing freshly distilled 
water with the stirrer immersed was 
under the hook the Pan 
was carefully lowered into the wate: 
the cylinder avoid collected 


Fig. Apparatus for studying 
finely ground inorganic 


tion pan; 3-glass cylinder; 4-stirrer; 5-lever; Fig. Sedimentation curve for 


10-null position the pointer. 
gain weight: B-r, particle radius 


bubbles air it, and the loop the pan wire was slipped over the hook 

The stop was released and the weight the pan water was measured moving 
pointer (counterclockwise) means lever until the pointer reached pos- 
ition equilibrium, 10. This position was taken the null reading for sub- 
sequent settling the suspension. The stop was relocked, the pan was lifted 
out, and previously prepared suspension the material under test water 
placed the cylinder. 


The pan was lowered into the water again, taking care avoid its entrain- 
ing air bubbles and holding the pan wire one hand keep the pan 1-1.5 below 
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the level the liquid. Then the the cylinder was stirred 
slowly moving the stirrer and down with the other hand, the stirrer was low- 
ered the bottom the cylinder the pan was gradually lowered the cylinder, 
and the wire loop was slipped over the hook 


this latter operation was performed stopwatch was started. The first 
reading the increase weight was made after 10-15 seconds had elapsed, sub- 
sequent readings being made the same intervals time during the first half 
hour, which enabled compare the results repeated sedimentations. 


best repeat the sedimentation after half hour has passed, rins- 
ing the pan out the cylinder and again stirring the suspension. The 
must coincide. the two results agree, suspension may continued. The time 
required for settling depends upon the dispersion the material. Some 
settle completely within hours, while some clays are not completely settled 
after 4-5 days. 


best set the practical limit sedimentation time such way 
make the last reading correspond particle radius Sediment- 
ation particles Oglanlino bentonite, the specific gravity which 2.62, 
with radius required 200 hours, while 256 hours were required for 
radius 


Sedimentation particles Prosyanovsk kaolin, with specific gravity 
2.601 and radius 0.27 required 140 hours, the time required 


easy extrapolate from these values 100% sedimentation 
material. The curve "gain weight (Q) versus particle radius (r)" 


Experiment has demonstrated the feasibility securing identical sedimen- 
tation curves room temperature, provided the temperature the 
water kept constant. 


The weight the pan and the readings the balance must checked sys- 
tematically. 


prepared samples taking grams material, terms abso- 
lute dry weight. This amount material was dispersed small quantity 
water (8-10 ml); the material contained particles, was passed 
No. 100 screen (10,000 openings per and washed, the material that passed 
through the screen being used, while the residue left the screen was allowed 


From law get 

where the particle radius the assumption that the settling particle 
spherical; the sedimentation height cm; the sedimentation time 
due the viscosity the water, 0.01 g/cm/sec 
19-20°C; and the difference between the specific gravities the settling 
substance and the water, equaling 1.6 this case. 


Inasmuch the values and are practically constant under the 
conditions this experiment, the coefficient may used Equation (1) in- 


Equation (2) enables set relationship between the equivalent 


ag 
a 
e 
- 
4 7 4 
- 


radius the settling time and the weight the pre- 
cipitate during this period. 


Plotting the curve also that know the limit, 
the limiting increase the talance pan that theoret- 
ically possible all the suspension were settle out. 


can find this quantity starting out with the volume the suspension 
the pan its concentration: 


where the volume the suspension above the pan, according 


our data; the acceleration due gravity, 981 the volume 
suspension the cylinder, our experiments; the difference be- 
tween the specific gravity the solid substance, and that the medium 
(water); the diameter the cup; and the sedimentation height cm. 


must also make correction for the involvement particles 
size; theory this expressed the equation 


(gain) weight during the time Az. 


determined the equation 


100 
(5) 
max. 
The specific surface particles with weight and mean radius 


made the followirg assumption 
allow for the specific surface those 
particles that practically always remain 
size. 


‘We assume that the theoretically 
possible settling all the particles 
ought take place such way 
make all subsequent readings lie along 
other words, interpolate the inter- 
mediate points between the last observa- 
tion the terminal one, which know, 
for the suspension, 
taking the interpolated section Fig. Settling curves for 
linear, which supposition various clay materials. 
consider the observed curve (Fig. 
3), and endeavoring connect the final weight B-mean radius 
observed points the point representing particles, Faye, clay, 


2-Glukhovetsk kaolin; 3-Prosyanovsk kaolin; 
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Calculation the Specific Surface Kaolin 


54.0] 2.0] 1.3 53.0 

Total 

1356.0 

7.0 1257.0 

Interpolated 5.15| 6.6 0.025 2365.0 
2.0 0.0125] 1432.0 

Sun 9384 


employed, the closer the curve the axis, the closer the final sec- 
tion the curve will approach straight line. This especially advantageous 
when dealing with clays high dispersion and high specific surface (such, 
bentonite), reduces the possible error determining the specific grav- 
ity due departures from linearity the terminal section the 
curve. 


attempted determine the possible magnitude the departure the 
specific surface from that prevailing when the terminal section the 
curve assumed linear means test calculations for conceivable 
changes the shape this terminal section. obtained discrepancy 
15%. therefore believe that the assumption the linearity the terminal 
section the curve involves possible error more than 15% the 
ific surface from the value that might have been determined the particle sed- 
method the latter had not been Brownian movements 
the test could been prolonged for dozens days. 


therefore plotted the curve (Fig. from our observed points, con- 
necting the last point the point representing 100% straight line. 


way example, cite calculation the specific surface Prosya- 
novsk Kaolin, with sp. gr. 2.601, the sample which 1190 mg, 
terms dry weight. 


Our observations were processed with the equations given above, 
all the data being listed Table 


. 

(min) (sec) 
° re) | 
50 
170 
13 re) 
55 
8450 
15360 
- 
é 
- 
. 


The data the last six 
lines the table were 
interpolation. Specific Surfaces Argillaceous Materials 


The specific surface ‘Specific surface, 


Material 


Glukhovetsk kaolin ..... 
Chasovyari clay 15.0 


values the specific 
surface have been computed for several materials the method set forth (Table 3). 


~ 


new variant the gravimetric method determining the specific sur- 


face highly disperse materials, employing torsion balance, results 
that are satisfactorily reproducible. 


This method may used the specific surfaces various 
argillaceous materials. 


LITERATURE CITED 


A.I.Avgustinik. Physical Chemistry, 275-277 (1947). 
V.Eitel and K.Shusterius, Naturwissenschaften, 28, 19, 300-303 (1940). 
Marchall, Chumbert, Soil Sci., 54, 149-158 (1942). 

M.Ardenu, K.Endel, and J.Gofmann, Ber. deut. keram. Ges., 21, 209- 


and M.M.Sychev, J.Appl. Chem. 20, 172-178 (1947). 
N.A.Figurovsky. 


Contemporary Methods Sedimentation Analysis Sus- 
pensions and Emulsions, 15-16 (1939). 


Received July 14, 1950. 


477 


| 
- 
| a 
- 
3 
@ 
: 
a 
2 
= 
4 
4 
4 
a 
: 
4 
3 
alk 
PR SUL 
a 
4 
= 
4 
= 
= 
| 
= 
j 
7 
| | 
: 
+. 


= 
5 
. 
: 
¥ 
4 
j } : 
i 
a - 
& 
4 


- 


SUSPENDED LAYER PARTICLES DIFFERENT 


Chair Synthetic Rubber Technology, Lensoviet Institcte Technology, 


- 


have previously made study the suspended layer 
the region turbulent flow [2], using spherical particles. actual processes 
that make use the phenomenon the suspended layer, however, the particles are 
not always spherical. More often than not the shape the particles irregular. 
There arises the necessity, therefore, making study the effect particle 
form upon the hydrodynamics suspended layer. -We asserted that the region 
turbulent flow the criterial equation for the 


will hold good for particles other shapes well, provided the equation coef- 
ficient 8.58 changed necessary accord with the shape the particles. 
other words, assumed that the coefficient Equation (1) governed chief- 
the particle shape. With this basis, ran tests suspended layers 
cylindrical, cubic, and particles. The results these tests were 
from Equation (1), being our aim find the specific coefficient 
this equation for each particle shape order endeavor relate the value 
the coefficients thus found with the shape. 


EXPERIMENTAL 


ran the experiments glass column 24.5 internal diameter, des- 
cribed previous report [1]. The experimental conditions were the same 


those prevailing for our tests with spherical particles. observed the suspended 


layer water, kerosene, air, and carbon dioxide. The latter materials have been 
déscribed previously 


prepared the cylindrical particles cutting aluminum wire 1.136 
-in diameter into lengths certain size, using gage. The cubic particles 
were crystals table salt, produced the slow evaporation saturated aque- 
ous solution the salt. used quartz sand particles irregular shape. 
All the particles were screened, certain fractions being taken each. The din- 
ensions the cylindrical and cubic particles were measured micrometer 


within 0.001 total 100 particles each fraction was counted out for 
measurement. 


The size the particles each fraction was taken the arithmetical 
mean the the particles measured. took the maximum dimension 


} 
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the cylindrical particles the controling dimensioa for their 
criteria. our tests the height the aluminum cylinders was greater than 
their diameter the two fractions selected, that the cylinder height was 


determined the mean size the sand particles used our calculations 
from the mean size the openings the screen through which the given fraction 
The density the particles different was measured 
pycnometer 20°. These densities were later used our calculations without 
any correction for the test temperature. The dispensing with temperature correc- 
tions introduced certain, though extremely minute, error into our 
the Archimedes number. The characteristics all the particles employed 
our tests are listed Table 


TABLE 
Characteristics Particles 


Parti Measured Deviations from mean size 
article size, Maximum deviation, Deviation, 


Ditto Ditto Ditto 
Cube Table 
salt 
Ditto Ditto 
Ditto Ditto 

Irregular Sand 2636.0 1.350 Passes through screens from No. 

No. 
Ditto Ditto Ditto 0.675 Passes through screens from No. 
Ditto Ditto Ditto 0.570 Passes through screens from No. 100 
No. 121 


total 192 tests were run with cylindrical particles under various con- 
ditions, 185 tests being run with cubic particles and tests with irregular 
particles. decided not cite the conditions and results all these tests 
the present report, owing the bulkiness the material. random 
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1000.0 
1000.0 
1000.0 
1000.0 
1000.0 


938.5 
938.5 
938.5 
938.5 
938.5 
938.5 
938.5 
938.5 
938.5 


1.207 
1.207 
1.207 
1.207 
1.207 
1.207 
1.207 
1.207 


TABLE 


Tests Particles Different Forms 


Height 


Aluminum cylinders kerosene 
Aluminum cylinders air 
0.0184 164.26] 77.075] 


518.70 
130.23 
102.79 
805.10 
172.39 
125.40 


criterion 


351.14 
183.47 
144.82 
102.20 


178.06 
149.84 
108.58 


222.28 
152.24 


336.57 
230.10 


353-90 
142.06 
116.84 
778.10 
209.41 
1168.70 
378.64 
211.85 


1106.60 
1631.50 
1912.40 
1450.00 
1708.70 
2207.30 
2236.20 


Aluminum cylinder carbon dioxide 


319.66 


376.60 
142.17 
111.67 


210.10 


1115.60 


201.25 


1076.80 
1613.20 
1953.80 
1542.30 
1594.00 
1928.30 
1909.20 


1000.0 
1000.0 
1000.0 
1000.0 
1000.0 
1000.0 


w . 


Table salt 
1.659 82.73 4.012 
Table salt air 
0.0184 113.40 69.415 11.7 
Table salt carbon dioxide 


TABLE 


(cont inued) 


0.0150 


1859.70 
2549.60 
1597.50 


190.14 


160.30 
1719.20 
537.63 
850.80 
260.57 
1534.30 
517.28 
300.23 


1912.80 
1750.40 
2523.40 


1723.30 
1752.20 


3168.20 


1185.00 
1529.20 
1905.60 
2234 


1236.00 


e 


1 


1.796 2147.10 -15.8 
938.1 
938.1 
938.2 
1.229 1557 1610.40 
1.207 1781.90 
1839.10 
1.223 
1.223 
1.376 1.798 -11.2 
482 


8.0 
89! 
96; 
97; 8.8 0.675 
9.0!0.570 
102 
105 
106 
107 
108 
109 
110 
111 
113 
115 
117 
118 
119 
121 
122 
123 119.5 |0.570 
124 119.5 


999.8 


TABLE 


3.085 
5.783 
6.611 
2.602 
5.332 
5.945 
2.122 
3.567 
121.00 5.527 
3.072 
76.80 5.089 
91.20 3.498 
96.00 4.758 
109.50 3.019 
111.70; 4.182 
3.429 
104.00 1.143 
105.40 2.272 
107.50 3.390 
Sand kerosene 
83.78 
7.408 
2.154 
138.87 5.629 
87.72 2.248 
91.96 
4.993 
132.44 
135.10 4.012 
83.02 1.998 
85.93 2.985 
88.18 4.066 
107.42 1.298 
112.10 2.891 
114.26 3.537 
134.54 
138.53 6.132 

Sand air 
72.90 53.580 
101.67 51.555 
130.38 53.176 


416.00 
1179.00 
626.75 
2761.30 
694.50 
436.98 
7635.50 
869.90 


675.00 
279.40 


176.10. 


1814.90 
491.80 
391.46 

6277.30 

1283.50 
877-75 

3012.00 

1008.90 

6667.00 

1402.40 
955.10 

6179.00 

2283.80 

1487.50 


2035.30 
3692.50 
4097.20 


1457.20 
367.90 
318.30 
2589.00 
409.94 
321.46 
718.15 
422,16 
3238.00 
1101.20 
615.43 
3042.90 
509.04 
7771.00 
2049.50 


718.90 


2253.00 
3619.40 
3532.80 
3613.00 


1.381 
1.373 
1.373 
938.2 1.699 20. 311.90 


0.675 


63.64 


Sand carbon dioxide 


é 
Fig. Results tests using cylindrical particles. 
some the tests given Table covers, however the whole range 
conditions used our investigations. 
Working all our experimental data the form the function represented 
Equation (1), found that the criterial equation the 
suspension layer took the of: 
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for cubic particles; and 
for irregular particles. 


The last column Table gives the discrepancies the values 
Euler's criterion computed from this equation and the actual cbserved values. 
far most the tests the agreement between the computed and the observed values 
fully satisfactory. The accuracy the derived equations shown most strik- 


ingly Figs. and which the results all the tests have run are 
plotted. 


A-En; B-Re Ar G; 33° 


-Fig. Results tests cubic particles. 


1-Cubes table salt kerosene; 2-cubes table salt air; 


RESULTS 


Equations (1), (2), (3), (4), and (5) leads conclude 

differences the shape the particles constituting layer suspended 
current affect only the the coefficient the hydrodynamic criterial 
Hence, the most general case, for particles any shape, the 
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Fig. Results tests with particles irregular shape. 
water; 2-sand kerosene; 3-sand air; 4-sand carbon dioxide. 


where constant for all coefficients, and criterion simplex for 
the form the suspended solid particles. 


know, bodies like volume but different shapes possess surfaces 
different magnitude. That why made attempt relate the value the 
criterion simplex the surface the respective particles, order ob- 
tain idea the nature this sphere possesses the smallest 
surface all forms having given volume, decided set equal for the 


sphere. Then may computed two ways for the other forms. The first method 
purely theoretical, based upon the 


where the surface particle the under test, and the 
face spherical particle equal volume. The second method based upon 
our experimental data. Indeed, ought able find the value divid- 
ing the value the coefficient Equations (2), (3), (4), (5) the value 


the same coefficient Equation (1). The values the simplex computed 
both ways for particles different shapes given Table 


The satisfactory agreement the values this simplex for different shapes, 
computed from the theoretical equaticn with its values found from the experi- 
mental data first all, further confirmation the reliability the 
have derived for the hydrodynamics suspended layer the 
region turbulent flow, Equations (1), (2), (3), (4), and (5), well 
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Values the Simplex for Particles Different Shapes 


(7) mental data 
Cylinder 2.266 high 0.833 
1.482 high 0.868 
0.827 


confirming the postulates that underlay our derivation these equations one 
our preceding reports [2]. Moreover, this agreement entitles write Equa- 
tion (6) the following definitive form: 


‘SUMMARY 


The definitive form the criterial for the hydrodynamics 
suspended layer for particles any shepe the region turbulent flow shows 
that the value the shape simplex may from the simple ratio the 
surface sphere whose volume the same that the suspended particle 
the surface that particle. 
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THE ACTION SOLUTION FERRIC SULFATE UPON IRON 


Institute Chemical Technology, Awarded the Order Lenin 


our previous reports have set forth data the rate reaction be- 
tween and solution ferric sulfate well the results 
our tests wet leaching zinc out mixture various sulfides [2]. The ef- 
fect various factors: temperature, solution composition, the 
suspension, and duration, upon the progress this heterogeneous process has 
described. 


set forth the results analogous experiments with iron sulfide, Fes, 
below. 


Like other compounds the MeS type, iron sulfide can-react quantitatively 
with aqueous solution ferric sulfate follows: 


There are figures the kinetics this heterogeneous process the 
literature. 


ran tests with two samples commercial iron sulfide, prepared from 
pyrites. One then (Sample was from finely pulverized pyrites con- 
centrete, containing 48.4% sulfur end iron. This was done heating the 
pyrites 750-800° medium free from oxygen (in atmosphere this 
resulted the conversion the into FeS. Part the FeS reacted with the 
steam, yielding product containing 84.4% FeS (30% sulfur). 


The other sample iron sulfide was secured from VKhZ type furnace 
the third level, down from the top) one our sulfuric-acid plants, which 
flotation pyrites roasted. contained 20.5% sulfidic sulfur which was 
bined with chemical analysis demonstrated. Sample contained 56.4% FeS, 
the remainder consisting silicates, and iron oxides. 


The tests were run vessel fitted with stirrer, into which batch 
the sulfide (10-48 grams) was placed together with 100 aqueous 
solution all our tests the suspension was stirred the same 
way. constant temperature (50-100°) was maintained throughout each test the 
heat. The solution was analyzed for and before 
and after each run; some the tests the solid residue was analyzed for elen- 
entary sulfur. Calculation the balance-sheet these showed that the 
reaction between the FeS and the followed the equation given above 
far its stoichiometry was concerned. 


A 
: 
- 
- 
7 
= 
Migs 
/ 
b 


The results each test were evalueted the progress the re- 
action. There were two indexes this progress: first the change the compos- 
ition the solution the loss and the rise during the test; 
and second, the change the composition the solid phase the conversion 


the sulfidic sulfur into elementary 


The below show the 


progress the reaction means the accumulation sulfur during 


the run (in grams per liter solution). 


Tests run various temperatures (50 100°) have shown that the amount 


reacted FeS rises some 25% per 10° temperature rise both samples, all other 


conditions being equal. This evidence that the rate the given heterogeneous 
process governed the diffusion factor, was the case the tests with 
other sulfides, the ‘diffusion into the stationary film 


liquid that surrounds each solid particle. 


Tests were run determine the influence the solution composition upon 
the process velocity, which the percentages and free 
the solution were varied, while all other conditions were kept the same. The ex- 
perimental data the effect the concentration the solution upon 
the progress the reaction are reproduced Fig. three curves, Curves 
and referring Sample and Curve referring Sample II. All these tests 


Fig. Effect the concentration 
the solution upon the 
rate the reaction between FeS and 
Temperature: 100°. Acid- 
ity the solution: 20-25 

per liter. 
A-Accumulation sulfur the solid 
phase, g/liter; concentration the initial 
Test duration and suspension concen- 


tration. 1-30 minutes 100 g/liter, 2-15 minutes 
250 g/liter, minutes 160 g/liter. 


- 


Fig. Effect the 
the solution upon the 
the reaction between FeS and 
100°. Acidity 


the solution: per liter. 


g/liter; the initia! 
Solution, g/liter. 1-Ssmple Curve 
Test duration and suspension 
tion: 1-20 minutes and g/liter; 2-60 minutes 
34-44 g/liter. 


were run 100°, with solution acidity 20-25 g/liter. The tests represented 
Curve lasted 0.5 hour suspension concentration 100 g/liter; Curve 
lasted minutes 250 g/liter; and Curve lasted hour 160 g/liter. The 
initial concentration the solution varied from 120 g/liter (with 


present). 


Figure shows that increasing the solution concentration certain 
point results accelerating the reaction FeS with after which this fac- 
tor ceases influence the velocity the process question. This limit occurs 
sooner later, depending upon the other experimental conditions: occurs 
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concentrations the solution Curve This depends upon how great 
the excess above the FeS entering into reaction during the test. The 
higher the content FeS per unit volume solution and the longer the run, the 
more enters into reaction and the smaller the excess present 
the solution. Accordingly, the limiting concentration will higher 
the solution which any further increase the concentration ceases 
affect the process velocity. 


The variation the process question with the the 


per liter. The lower curve refers Sample the test which lasted 
minutes; the curve refers hour-long test II. The suspension 
concentrations were 150 and 160 g/liter, respectively. The concentrations 
the initial solutions were and g/liter, respectively. The variable 
factor was the initial concentration (ranging from g/liter). 


These tests indicated that increasing the the solu- 
tion, all other conditions being equal, perceptible retardation the 
heterogeneous process under study. noted above, this process governed 
the diffusion phenomena taking place the liquid film surrounding each solid 


viscosity the solution changed, resulting impairment the conditions 
for diffusion the film. From the thermodynamic standpoint, impossible 
for have slowed down the reaction as‘a reaction product. 


The effect the solution acidity upon the rate conversion the FeS 
was investigated 100° the range 20-59 per liter, using Sample 
(Fig. 3). The suspension concentration was 250 the initial con- 
tent was g/liter; and the tests lasted minutes. The shape the curve 
evidence the retardation the process the solution acidity increased. 


acidity upon.the rate which Fig. Effect the suspension concen- 
FeS converted (Sample I). tration upon the process treating FeS 
Temperature: 100°. Suspension (Sample I). Temperature: 100°. 
250 g/liter. the initial solutions: 61-67 


elementary sulfur the solid phase. 

2-30; 3-60. 

The tests represented 

the three curves Fig. show 


the effect the suspension concentration upon the course the processing 
FeS I). There are scales laid off along the axis abscissas: the 
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